THER 


NOTICE. 

Owing  to  the  |reat  rise  in  the  price  of  Platinum,  we  are  compelled  to  raise  the  prices 

of.  our   Resistance*  Thermometers,   with   the    exception   of   Nos.   119-123t,   and   also   of  all 

platinum,  platii^ 'ntfridium,    and   platinum,    platinum-rhodium    thermo-couples.       As.  the 

prici  o4pJ|&JWn  is  still  rising  we  can  only  give  prices  which  will  hold  good  for  a  short 

^  'be  glad,  however,  to  give  quotations  to  intending  purchasers. 


October,  3<Jth,  1906. 
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The  Industrial  and  Practical  Applications  of  Thermometry,  pp.  1—40. 
Thermometry  as  applied  to  Teaching  and  Scientific  Work,  pp.  41 — 51. 
The  Theory  of  some  of  the  Instruments,  Tables,  etc.,  pp.  52 — 58. 
Index,  pp.  59—62. 

IF   YOU    ARE    PRESSED    FOR   TiME    LOOK   AT 

The  Coloured  Reproduction  of  the  three  Recorder  Diagrams,  between  pp.  40  and  41. 

The  description  of  the  Fe"ry  Radiation  Pyrometer,  p.  35,  and  the  New  Thread  Recorder,  p.  25. 

The  idea  for  a  new  application  of  the  Bonus  System,  p.  3 ;   it  may  perhaps  be  useful  to  you. 

DIRECTIONS   FOR   FILLING   ORDERS,   ETC. 

Do  not  omit  to  state  whether  you  wish  your  instrument  to  road  on  the  Centigrade  or  Fahrenheit  scale. 
Unless  specifically  ordered  to  the  contrary,  an  instrument  reading  in  degrees  Centigrade  will  be  supplied. 
In  the  case  of  the  Fe>y  Instruments  Centigrade  scales  only  can  be  supplied. 

Do  not  hesitate  to  inform  us  fully  of  your  requirements.    We  may  be  able  to  help  you. 

We  shall  be  glad  to  send  any  of  our  apparatus  to  the  National  Physical  Laboratory  at  Teddington, 
Middlesex,  for  Standardization.  A  small  charge  will  be  made  for  the  carriage  of  the  instruments  to 
and  from  the  Laboratory  but  the  actual  verification  fees  will  be  charged  at  cost  price. 

Foreign  orders  must  be  accompanied  by  either  a  remittance  or  instructions  for  payment  in  London,  on 
delivery  of  bills  of  lading,  &c. 

Cheques  to  be  drawn  payable  to  "The  Cambridge  Scientific  Instrument  Co.,  Limited,"  and  crossed 
"London  and  County  Bank,  Cambridge." 

Delivery.  All  prices  quoted  in  this  list  are  free  on  rail,  Cambridge,  and  goods  are  sent  carriage 
forward  at  consignee's  risk. 

The  greatest  care  is  exercised  in  packing,  but  we  cannot  hold  ourselves  responsible  for  breakages 
in  transit.  In  the  event  of  any  damage  occurring,  application  should  at  once  be  made  to  the  railway 
company  or  carrier. 

The  full  invoice  price  is  allowed  for  returned  packing  cases,  when  actually  received,  in  good  condition 
carriage  paid,  within  fourteen  days  from  delivery. 

Previous  lists  are  hereby  cancelled.     Designs,  materials  and  prices  are  subject  to  alteration  without  notice. 

Trunk  Line  Telephone  :  "  Cambridge,  No.  6." 

ABC  Code,  5th  Edition,  and  Western  Union  Code  used. 

Telegraphic  and  Cable  Address  :    "  Instrument,  Cambridge." 

All  Correspondence  should  be  addressed 

The  Instrument  Company, 
Cambridge, 

England. 

Note.     The  Works  of  the  Company  are  oft"  the  Chesterton  Road,  just  opposite  Jesus  Lock. 
June,  1906. 
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PBEFACE. 

T~\URING  the  last  few  years  great  progress  has  been  made  in  the  Science 
-^-^  of  Thermometry  and  manufacturers  now  realise  the  assistance  that  the 
physicist  can  give  them  in  measuring  temperatures  which  are  of  vital  importance 
to  them. 

Our  production  of  the  instruments  needed  for  thermometry  has  kept  pace 
with  the  general  advance,  in  fact,  we  may  truly  say  that  we  have  been  in 
strumental  in  bringing  much  of  that  knowledge  within  reach  of  the  practical  man. 

Some  measure  of  the  expansion  that  has  taken  place  in  the  Thermometric 
Department  of  our  Works  can  be  obtained  by  comparing  the  size  of  the  1904 
edition  of  "  Technical  Thermometry "  with  the  present  work.  Great  efforts  have 
been  made  to  keep  this  book  within  convenient  limits,  but  nothing  smaller  would 
suffice  for  the  mere ,  enumeration  of  our  productions  with  the  briefest  and  most 
concise  explanatory  notes. 

By  means  of  the  Fery  Radiation  Pyrometer  accurate  measurements  of  very 
high  temperatures  have  now  been  brought  within  the  reach  of  industrial  concerns, 
this  Pyrometer  having  been  brought  to  a  great  degree  of  perfection  and  simplicity. 
Manufacturers  of  Porcelain,  Glass  and  Stone-ware  need  no  longer  rely  upon  the 
old  crude  and  inaccurate  methods.  The  value  of  the  radiation  method  has  been 
enhanced  by  the  production  of  a  simple  and  reliable  method  of  recording  the 
measurements. 

In  the  department  of  Resistance  Thermometry  interchangeability  between 
thermometers  has  greatly  increased  the  convenience  of  the  instruments,  and 
reduced  the  adjustments  needed. 

Viewed  from  the  very  important  point  of  first  cost,  the  progress  made  is 
noteworthy.  We  have  spared  no  effort  to  obtain  the  cheapest  possible  methods 
of  production  consistent  with  accuracy,  and  prices  have  been  reduced  notwith 
standing  the  increase  of  more  than  25  %  in  tne  cost  °f  platinum  since  the 
publication  of  the  1904  edition.  No  reduction  has  been  made  in  the  sizes  of 
Platinum  wire  used. 

The  more  expensive  types  of  Callendar  Recorders  have  also  been  lowered 
in  price,  while  the  quality  and  accuracy  of  the  workmanship  has  been  maintained 
at  its  former  high  standard. 


iv  The  Cambridge  Scientific  Instrument  Co.,  Ltd. 

In  thermo-electric  thermometers  involving  the  use  of  Platinum  and  its 
alloys,  the  quantity  of  platinum  used  is  an  important  factor  in  the  price,  and 
to  secure  great  durability  and  low  resistance  the  diameter  of  the  wire  should 
be  large.  It  will  be  found  that  the  thickness  of  wire  employed  by  us, 
0'02  inch  (0'5  mm.)  diameter,  is  greater  than  that  employed  by  many  of  the 
makers  of  similar  instruments,  and  it  would  be  well  for  intending  purchasers  to 
bear  this  in  mind  when  comparing  prices. 

In  conclusion  we  wish  to  gratefully  acknowledge  the  assistance  of  those 
who  have  kindly  helped  us  with  information,  diagrams,  etc.  We  shall  always 
be  glad  to  receive  suggestions  for  the  improvement  and  further  development 
of  our  thermometric  instruments. 


Cambridge,  England.  v 

If  you   think   that  we  can  help  you  in  selecting  what  will   best  suit  your   requirements,   please   tear  out 
and  fill  in  this  form  and  post  it  to  us.      All  particulars  supplied  to  us  will  be  treated  as  confidential. 


PROPOSED    THERMOMETRIC    INSTALLATION, 


Name  of  Firm 


A  d  dress. 


1.  Please    state,   if    possible,    in    connection   with   what    processes   or 

operations  the  thermometers  will  be  used 

2.  Do  you  wish   to   record   the   temperature   continuously   or   simply 

to  take  readings  from  time  to  time  ? 

3.  What   range   of  temperature  do    you   wish    to    measure?      Please 

state   whether  in  Centigrade  or  in  Fahrenheit 

4.  If  possible,  state  what  length   of  the  thermometer  stem   will   be 

exposed  to  the  temperature  named 

5.  Are   the  thermometers  likely   to    be    subjected    to   high   pressure 

or  placed  in  a  liquid  or  a  molten  metal  ? 

6.  Are  they  likely  to  be  moved  frequently  or  will  they  be  permanently 

installed  in  one  position?         ...  

7.  If  the  thermometers  are  used  for  annealing,  hardening,  case  harden 

ing,  tempering  or  any  similar  process,  state  the  thickness  of  the 
furnace  wall.         

8.  State    the   distance    between    the    thermometer    and    Indicator    or 

Recorder,  also  any  circumstances  which  might  cause  difficulty  in 
running  the  leads  from  the  one  to  the  other 

9.  Do  you  wish  the  apparatus  to  be  installed  by  us? 

10.  To  what  degree  of  accuracy  do  you  wish  to  be  able  to  read   or 

record  the  temperature?  

11.  Will  it  be  necessary  to  place  the  Temperature  Indicator  or  Recorder 

where  any  considerable  amount  of  vibration  is  present? 


12.     Add  any  further  remarks  or  information  which  should  be  taken  into  account. 


Answer. 
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THE   FOLLOWING    IS   A    BRIEF   SUMMARY   OF  THE   ADVANTAGES 
OF  THE    DIFFERENT  THERMOMETERS    DESCRIBED    IN 

THIS    LIST. 

RESISTANCE    THERMOMETERS  (see  pp.  10—23  and  41—51). 
(CALLENDAR   AND   GRIFFITHS'   TYPE.) 

They  have  a  wide  range;   from  the  lowest  temperatures  to  1200° C.  (2192° F.). 
They  can  be  placed  in  inaccessible  positions  and  read  from  a  considerable  distance. 
They  are  extremely  sensitive  and  respond  quickly  to  changes  of  temperature. 

In  conjunction  with  the  Whipple  Temperature-Indicator  they  give  direct  readings  of  temperature,  requiring 
no  correction. 

In  conjunction  with  the  Callendar  Electric  Eecorder  they  furnish  a  continuous  and  visible  record  of 
temperature,  extending  over  a  day  or  a  week  and  the  temperature  can  be  read  off  at  any  time  without 
disturbing  the  record. 

By  means  of  a  switchboard,  a  single  Temperature-Indicator  or  Recorder  may  be  connected  as  desired  to 
any  one  of  a  number  of  thermometers. 

Unless  constructed  for  a  specially  contracted  or  open  range  all  the  thermometers  are  interchangeable. 

THERMO-ELECTRIC    THERMOMETERS  (see  pp.  24-34  and  45—51) 

Have  also  many  of  the  above  advantages,  and  with  special  precautions  are  as  accurate  as  resistance 
thermometers.  On  the  other  hand  they  can  be  used  up  to  higher  temperatures  than  resistance  ther 
mometers — 1600°  C.  (2912°  F.),  and  the  temperature  of  a  small  quantity  of  a  substance  can  be  measured. 
They  are  also  less  costly  to  replace,  and  in  their  industrial  form  no  battery  is  required. 

In  conjunction  with  a  Millivoltmeter  they  give  direct  readings  of  temperature,  requiring  no  correction. 
In   conjunction   with   a   Thread    Recorder    they    furnish   a  continuous   and    visible    record    of    temperature 
requiring  no  corrections  and  the  temperature  can  be  read  off  at  any  time  without  disturbing  the  record. 

Records  from  one,  two  or  four  thermometers  can  be  obtained  simultaneously  on  the  same  drum. 

By  means  of  a  switchboard,  a  single  Temperature  Indicator  or  Recorder  may  be  connected  as  desired  to 
any  one  of  a  number  of  thermometers. 

FERY    RADIATION    PYROMETERS  (see  pp.  35—37). 

These  can  be  used  from  temperatures  from  500°  C.  (below  a  red  heat)  up  to  the  highest  temperatures  known. 

No  part  of  the  instrument  is  heated  above  80°  C.  so  that  the  life  of  the  pyrometer  is  practically 
unlimited. 

In  conjunction  with  a  Meylan  D'Arsonval  Galvanometer  they  give  direct  readings  of  temperature,  re 
quiring  no  correction. 

In  conjunction  with  a  Thread  Recorder  they  furnish  a  continuous  record  of  temperature,  and  the 
temperature  can  be  read  off  at  any  time  without  disturbing  the  record. 

Records  from  either  one,  two  or  four  Pyrometers  can  be  obtained  simultaneously  on  the  same  drum. 

By  means  of  a  switchboard,  a  single  Temperature  Indicator  or  Recorder  may  be  connected  as  desired  to 
any  one  of  a  number  of  thermometers.  No  battery  is  required. 

FERY    ABSORPTION    PYROMETERS  (see  P.  37). 

These  are  especially  adapted  for  determining  the  temperature  of  small  hot  bodies  such  as  the  filaments 
of  incandescent  lamps,  etc, 


Telegraphic   Address   "INSTRUMENT,   CAMBRIDGE.' 


TELEGKAPHIC   CODE. 


For  general   purposes   the   ABC   Code  Book,   Eden   Fisher  &   Co.,  5th   edition,    1901,  and   the   Western 
Union  Code  are  used.     The  following  code  words  have  been  specially  selected  for  this  list. 


What  is  the  price  of  Gaban. 

What  is  the  price,  time  of  delivery  and 

best  terms  for  Gabardine. 

Quote  price  f.  o.  b.  London  of  Gabionage. 

How  soon  could  you  deliver?  Gaelic. 

Have  you  in  Stock  ?  Gainage. 

Must  be  delivered  by  Gainsayers. 

Could  deliver  the  order  in  Gainstand. 

We    could    deliver    in    one    month    from 

receipt  of  order  Gainstrive. 

We   could   deliver    in    two   months   from 

receipt  of  order  Galangal. 

We   could   deliver   in  months   from 

receipt  of  order  Galeated. 

We  have  the  instruments  in  Stock  Galeopois. 

We  have  none  of  the  order  in  Stock        Gallant. 
We   have  part    of   the    order    in   Stock, 

delivery  of  whole  amount  on  Galleas. 

Order  received  Gallinule. 

Order  has  not  been  received  Gallnut. 

Add  to  our  order  of  Gracecup. 

Please  deliver  at  once  the  following  ap 
paratus,  we  are  writing  by  this  mail  Galoche. 
We  have  not  heard  from  you  in  reply  to 

our  letter  of  Gamagrass. 

Wait  our  next  letter  before  doing  anything 

further  Gambrel. 


Waiting  your  further  instructions  re 
garding  Gambroon. 

What  you  suggest  will  do  quite  well        Gamekeeper. 

We  cannot  understand  what  you  mean, 

send  full  particulars  Gammoning. 

We  are  sending  full  particulars  by  this 

mail  Gangliform. 

Extra  expense  will  be  Gangtooth. 

Letter  received  Gangweek. 

Reply  by  cable  Gardenplot. 

Kindly  refer  us  to  your  bankers  or  agents 

for  payment  Gardenware. 

How  were  goods  sent.?  Garfish. 

When  did  goods  leave  ?  Gargoyle. 

We  will  ship  by  Gamier. 

Goods  have  been  duly  received  Garrotting. 

Ship  by  Grande  Vitesse  Gaseous. 

Ship  by  Petite  Vitesse  Gaslight. 

Ship  care  of  Gasmain. 

If  goods  have  not  left,  await  our  next 

letter  Gasoscope. 

Goods  have  arrived  damaged,  please  in 
form  carriers  Gasretort. 

Insure  for  amount  of  Invoice  Gastric. 

Shall  we  insure  goods  to  your  order  1       Gateman. 

Please  send  a  copy  of  your  latest  catalogue  Gat/ierable. 


TABLE   OF   DATES. 

To  obtain   the  code-word  for  any  particular  date,   add   the   word    for    the    month    to    the   word   for  the 
date,  thus  the  16th  March  =  nameless. 
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To  face  p.   1. 


A  labourer  taking  the  temperature  of  the  hot  air  blast  in  the  horse-shoe  main 
at  the  Cargo  Fleet  Iron  Works,  Middlesbrough,  by  means  of  a  Whipple 
Temperature  Indicator  and  Callendar  and  Griffiths'  Resistance  Thermometer. 


TECHNICAL  THERMOMETRY. 


In  an  immense  number  of  industrial  operations,-  accurate  temperature  measurements  are  of  the  first 
importance.  The  element  of  chance,  so  conspicuous  and  so  costly  in  many  operations,  is  nothing  else  than  the 
element  of  ignorance.  Progressive  manufacturers  in  every  field  of  production  are  beginning  to  realise  that 
where  knowledge  is  attainable  guess-work  is  too  expensive  a  system  to  be  tolerated. 

In  many  processes  where  the  judgment  of  temperature  was  previously  determined  by  the  eye  of  the 
workman  or  in  some  equally  vague  and  deceptive  manner,  thermometers  are  now  in  regular  use,  saving  serious 
loss  from  spoilt  work  and  material,  and  effecting  other  considerable  economies.  As  examples  of  the  widely  varied 
practical  applications  of  our  electrical  and  radiation  thermometers,  we  may  mention  the  following  : 

Annealing  furnaces  Hardening  furnaces 

Boilers  and  superheaters  Hot  blast  main." 

Mash-tuns  Jam-boiling  pans 

Cold-storage  chambers  Dust-destructor  furnaces 

Chemical- works  Brick  kilns 

Bacon  factories  Hospitals 

Explosives  sheds  Glass  furnaces 

Porcelain  kilns  Steel  casting. 

See  also  classified  list  of  users,  pp.  39,  40. 

We  have  now  had  many  years'  experience  in  making  and  standardizing  Electrical  Thermometers,  and  in 
adapting  them  to  meet  the  varied  requirements  of  commercial  work.  The  rapidly  extending  use  of  these 
thermometers  is  the  best  testimony  to  the  success  of  our  efforts. 

At  present  we  supply  four  types  of  thermometers  :  Electrical  Resistance  Thermometers  (see  p.  10),  Thermo 
electric  Thermometers  (see  p.  24),  Fery  Radiation  Pyrometer  (see  p.  35)  and  Fery  Absorption  Pyrometer  (see  p.  37). 


USES  OF  ELECTRIC,  RADIATION   AND 
ABSORPTION   THERMOMETERS. 

Ch6DliC8ll  Works.  The  processes  in  which  electric  and  radiation  thermometers  may  be  used  in 
chemical  works  are  almost  innumerable  They  can  be  \ised  to  control  the  temperature  of  vats,  stills,  or 
furnaces,  and,  if  necessary,  this  temperature  can  be  measured  to  a  high  degree  of  accuracy  over  a  large  range. 
It  is  a  difficult  matter  to  state  the  degree  of  accuracy  to  which  any  temperature  may  be  measured  without 
knowing  the  circumstances  of  the  case  ;  but,  if  care  is  taken,  it  may  be  stated  as  a  general  rule  that  temperature 
measurements  can  be  relied  on  to  one  per  cent. 

1 


2  The  Cambridge  Scientific  Instrument  Co.,  Ltd., 

Annealing  Furnaces.  The  importance  of  the  control  of  the  temperature  of  annealing  furnaces 
can  hardly  be  over-estimated.  In  the  old  days  the  temperature  of  the  furnace  was  dependent  on  the 
judgment  of  the  fireman,  and  if  this  individual  was  absent  from  work,  or  his  eye  was  "off  colour,"  a  batch 
of  castings  or  stampings  might  be  ruined,  yet  we  still,  in  many  cases,  trust  to  that  most  deceptive  of  all 


Fig.  1  (see  Outfit  219  t,  p.  23). 

Callendar  and  Griffiths'  Patent  Resistance  Thermometer  connected  to  a  Callendar  Eecorder ;   suitable  for  recording 
the  temperature  of  an  annealing  furnace.     (About  1/9  actual  size.) 

thermometers — the  workman's  eye.  Manufacturers  who  have  had  experience  with  our  thermometers  appreciate 
their  value;  one  large  firm  in  the  Midlands  informed  us  that  they  would  not  anneal  a  batch  of  stampings 
without  a  recording  thermometer  in  the  furnace.  This  firm  commenced  with  one  Callendar  Recorder,  and 
now  have  seven  of  these  instruments  running  continuously. 

An  annealing  furnace  thermometer  and  Callendar  Recorder  are  shown  in  fig.  1 ;  fig.  2  shows  a  somewhat 
similar  but  shorter  thermometer  inserted  in  the  crown  of  a  furnace.  The  illustration  shows  the  method  of 
fixing  in  order  that  the  thermometer  may  be  reduced  to  a  minimum  length  and  at  the  same  time  protected 
from  external  injury. 
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part   of  the   thermometer  is  all  contained   in   a  space   of  4"  (100mm.)  from  the  lower  end  of 


The  active 
the  tube. 

Fig.  3  is  reproduced  from  an  annealing  furnace  record,  obtained 
by  means  of  a  Callendar  Recorder,  in  connection  with  one  of  our 
Electrical  Resistance  Thermometers.  Such  a  record  discloses  at  a 
glance  to  what  extent  the  temperature  of  the  furnace  has  deviated 
in  either  direction  from  its  proper  value  ;  and  incidentally  it  shows 
quite  clearly  how  often  the  fires  have  been  fed,  each  firing  producing 
a  transient  heating  effect,  which  is  shown  by  a  well-marked  peak 
on  the  record.  It  is  interesting  to  notice  the  difference  in  the  firing 
of  the  two  men,  A  and  B. 

We*  believe  that  the  Temperature  Recorder  should  be  placed  near 
the  man  who  is  responsible  for  the  particular  operation  the  instru 
ment  is  recording;  and  the  man  should  be  paid  directly  for  the 
success  of  his  efforts.  A  form  of  bonus  system  lends  itself  very 
readily  to  this*.  If,  for  example,  a  constant  temperature  (say  700°  C.) 
has  to  be  maintained,  the  Works  or  Furnace  Manager  tells  the  man 
that  a  bonus  of  \d.  per  hour  will  be  paid  to  him  for  every  hour 
in  which  the  record  is  inside  given  limits,  say  ±20°C.,  i.e.  between 
680°  and  720°  C. 

In  important  processes  the  system  could  be  still  further  extended 
by  holding  out  a  larger  inducement  for  more  efficient  control,  a  bonus 
of  Id.  per  hour  being  paid  for  every  hour  the  record  is  inside  the 
limits  of  say  + 10°  C.,  that  is,  between  690°  and  710°  C. 

As  an  additional  incentive  to  efficiency  an  extra  bonus  of  6d. 
might  be  paid  if  the  pen  has  been  kept  inside  the  narrow  limits  for 
the  whole  of  the  shift.  Experience  shows  that  it  is  very  difficult  to 
avoid  one  lapse  during  a  night's  shift,  and  this  additional  bonus 
might  very  likely  prevent  it.  The  record  (Fig.  4)  will  further  ex 
plain  the  suggestion. 


Leeds  to  Recorder 


Fig.  2. 

Annealing  furnace  thermometer  in 
crown  of  furnace. 


;-B  firing  - 


Fig.  3. 

Annealing  furnace  record ;  the  difference  in  the  firing  of  the  two  men  A  and  B  is  interesting.  The  Temperature  is 
above  700°  C.,  and  the  portion  of  record  shown  extends  over  about  9  hours.  Each  space  on  the  vertical  scale 
corresponds  to  4  Centigrade  degrees. 


Bonus   obtained. 
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See  "  A  suggested  application  of  the  Bonus  System,"  Bobert  S.  Whipple,  Engineering,  p.  813,  Dec.  15,  1905. 
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Before  putting  the  paper  on  to  the  recorder  drum  the  Manager  rules  a  black  line,  A  in  figure,  down 
the  sheet  at  the  particular  temperature  at  which  he  wishes  the  apparatus  kept,  ruling  two  red  lines  B  and 
BI  for  the  inner  limits  and  two  blue  lines  C  and  C\  for  the  outer  ones.  These  lines  might  be  slanting 
if  the  temperature  is  to  increase  or  decrease  uniformly.  The  fireman  who  may  be  quite  uneducated  and 
knows  nothing  whatever  about  degrees  Centigrade  appreciates  the  fact  that  if  the  pen  of  the  instrument 
has  been  kept  between  the  two  red  lines  he  obtains  a  penny  extra  for  every  hour  it  was  inside  them.  In 
the  supposed  record  sheet  (Fig.  4)  the  fireman  would  have  earned  a  bonus  of  S^d.  although  he  would  not 
have  been  successful  in  obtaining  the  additional  bonus  of  6d.  for  being  inside  the  inner  limits  during  the 
whole  of  his  shift.  We  believe  that  the  majority  of  employers  would  find  these  small  bonuses  an  excellent 
investment,  both  by  avoiding  damage  to  the  goods  undergoing  treatment,  in  keeping  down  fuel  consumption, 
and  in  convincing  the  workman  the  Recorder  is  a  help  to  him. 

Hardening  Furnaces.  Electrical  Resistance  Thermometers  are  especially  suitable  for  measuring  the 
temperature  at  which  tools  of  fine  steel  or  of  high-speed  steel  are  hardened.  Mr  S.  N.  Brayshaw,  of  Manchester, 
who  is  well-known  as  a  specialist  in  the  hardening  of  tools  and  other  steel  pieces,  has  adopted  our  Resistance 
Thermometers,  Recorders  and  Temperature  Indicators  for  use  with  his  steel-hardening  furnaces.  We  quote 
the  following  from  Mr  Brayshaw's  remarks  at  the  General  Meeting  of  the  Institution  of  Mechanical  Engineers 
held  in  London  on  the  15th  and  29th  of  January  1904,  at  which  the  6th  report  of  the  Alloys  Research 
Committee  was  presented :  "  Mr  Stead  spoke  about  the  sharply  defined  line  on  the  diagram  at  which  steel 
hardened.  He  (Mr  Brayshaw)  in  his  work  used  resistance  pyrometers,  and  was  in  a  position  to  say  that  at  the 
hardening  point  one  degree  Centigrade  made  a  perceptible  difference  in  the  hardened  steel.  Recent  work 
showed  that  hardening  should  be  far  more  accurate  than  was  considered  necessary  a  few  years  ago.  Five 
degrees  Centigrade  made  the  difference  between  good  and  bad  hardening." 

Fig.  5  is  an  illustration  of  Mr  Brayshaw's  hardening  furnace,  with  which  he  is  obtaining  such  remarkable 
results.    The  thermometer-head  and  the  tempera 
ture  indicator  are  clearly  shown. 

The  Fe"ry  radiation  thermometer  has  also 
shown  itself  to  be  successful  in  measuring  the 
temperature  of  tools  just  before  they  are  quenched, 
especially  if  made  of  high-speed  steel.  The  tool 
is  taken  out  of  the  furnace,  placed  on  a  pre 
arranged  spot  and  the  temperature  is  shown  /  » \  THERMOMETER  HEAD . 

almost  instantly  on  the  dial  of  the  galvanometer. 
Not  infrequently  the  pyrometer  is  sighted  on  the 
tool  in  the  furnace  before  quenching. 


Points.  In  this  con 
nection  Fig.  6  will  be  of  interest.  It  shows 
two  records  of  temperature  obtained  with  a 
resistance  thermometer  with  recalescent  points 
well  marked,  one  record  (A)  being  characteristic 
of  a  mild  grade  of  steel  (O35  per  cent,  carbon), 
the  other  (B}  of  a  finer  steel  (0'9  per  cent, 
carbon).  A  comparison  shows  clearly  the  value  of 
such  records  in  discriminating  between  different 
qualities  of  steel.  Similar  curves  can  be  obtained 
with  thermo-electric  couples  used  in  conjunction 
with  the  thread  recorders,  see  Plate  III.  Fig.  3. 

We  would  refer  to  the  autographic  pyro 
meter  records  published  by  Messrs  Sankey  & 
Kent  Smith  in  their  paper  on  Chrome-vanadium 
steel.  In  referring  to  the  apparatus  they  state 
that  "  the  whole  of  the  heating  and  pyrometrical 
installation  is  the  work  of  the  Cambridge 
Scientific  Instrument  Co.,  and  has  given  com 
plete  satisfaction  in  the  work  done  with  it."  See 
"Heat  Treatment  Experiments  with  Chrome- 
Vanadium  Steel,"  by  Captain  H.  Riall  Sankey 
&  T.  Kent  Smith.  Proceedings  of  the  Institution 
of  Mechanical  Engineers,  Dec.  1904. 

Dust-DestrUCtorS.  The  efficiency  of 
a  dust-destructor  depends  so  largely  upon  the 


Fig.  5. 

Brayshaw's  steel-hardening  furnace,  showing  the  thermometer 
and  temperature  indicator  in  use. 
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temperature    maintained,   that   the   importance   of  reliable  thermometers  for  use   with   these  destructors  must 
be  evident. 

The  temperature  of  the  combustion  chamber  can  be  determined  and  recorded  by  means  of  a  Fery  Radiation 
Pyrometer. 


Fig.  6. 

A  Besistance  Thermometer  was  placed  in  a  block  of  steel  heated  in  a  small  electric  furnace.     The  recalescent 
points  are  clearly  shown  both  on  the  heating  and  on  the  cooling  curves. 


Fig.  7  (see  p.  12). 
Whipple  Patent  Temperature  Indicator,  Marine  type,  with  galvanometer  mounted  in  gimbals. 


,  Superheaters,  and  FlueS.  By  means  of  an  installation  of  thermometers  carefully  dis 
tributed  about  a  steam  plant  the  efficiency  may  be  maintained  at  its  highest  possible  value.  The  working 
of  the  superheaters  can  be  examined,  and  any  undue  loss  of  heat  throughout  the  plant  can  be  traced. 
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In  a  large  power  station  the  thermometers  can  be  connected  to  the  main  switchboard,  and  the  thermo 
meter  readings  logged  at  the  same  time  as  those  of  the  electrical  instruments. 

No  other  form  of  thermometer  is  so  suitable  for  boiler  trials.     The  thermometer  can  be  placed  in  the  most 
"  un-get-at-able "  positions,  and  can  yet  be  read  in  comfort. 

In  the  boiler  trials  made  by  the  Naval  Boilers'  Committee  of  the  Admiralty,  our  resistance  thermometers 
were  employed.  The  following  is  an  extract  from  the  Blue  Book  giving  an  account  of  the  trials : 

"The  temperatures  of  the  flue  gases  were  taken  by  Callendar  Electric  Thermometers,  and  read  on 
a  galvanometer  made  by  the  Cambridge  Scientific  Instrument  Company  for  the  special  purpose  of 
these  trials.  The  whole  temperature-taking  apparatus  worked  satisfactorily  throughout.  The  records 
were  taken  regularly  from  two  to  four  times  per  hour,  as  shown  in  the  tables." 

Fig.  7  shows  a  Temperature  Indicator  for  use  at  sea,  the  galvanometer  being  mounted  in  gimbals. 

Condensers.  In  large  condenser  plants  it  is  of  the  utmost  importance  that  the  temperature  of  the 
incoming  and  outgoing  water  should  be  recorded.  We  have  lately  constructed  for  a  large  iron  works  a 
thread  recorder  used  in  conjunction  with  four  copper-constantan  thermo-couples  and  by  their  means  a  con 
tinuous  record  is  kept  of  the  temperature  at  four  points  in  the  plant.  The  four  records  are  drawn  on  one 
sheet  of  paper  without  overlapping  or  confusion. 

Boiler  Pressures  can  be  read  or  continuously  recorded  at  a  distance  by  having  a  Thermometer 
immersed  in  the  saturated  steam  within  the  boiler;  a  table  being  supplied  giving  the  pressure  of  saturated 
steam  in  terms  of  its  temperature.  In  this  manner  the  readings  of  the  ordinary  pressure-gauges  can  be 
checked  at  any  time. 

Temperature  Alarms  of  various  designs  are  also  supplied  to  work  in  conjunction  with  our  electrical 
resistance  or  thermo-electric  thermometers,  and  are  either  fitted  as  attachments  to  our  Callendar  Recorders, 
or  made  as  self-contained  instruments.  A  bell  is  caused  to  ring  persistently  as  soon  as  some  predetermined 
temperature  has  been  reached,  and  by  means  of  a  recording  drum  or  continuous  paper  movement,  the  times 
at  which  the  alarm  was  sounded  can  be  registered  automatically. 

A  very  effective  alarm  has  recently  been  introduced  for  use  with  a 
resistance  thermometer*.  An  arm  connected  to  a  galvanometer  coil 
(Fig.  8)  is  deflected  towards  the  toothed  wheel  (W)  when  the  tem 
perature  is  reached  at  which  the  alarm  is  set  to  act.  The  wheel  engages 
with  the  arm  carrying  it  towards  the  two  contacts  (L)  thus  completing 
the  electric  circuit.  The  alarm  given  is  deEnite  and  the  bell  rings  con 
tinuously  for  at  least  half-a-minute. 

Jam  Boiling.  We  have  also  lately  constructed  a  very  sensitive 
thermometer  and  galvanometer  for  use  in  jam  boiling  and  other  allied 
operations.  This  apparatus  is  so  responsive  that,  under  working 
conditions,  the  reading  obtained  at  any  moment  never  lags  by 
more  than  a  fraction  of  one  degree  behind  the  true  temperature 
of  the  jam.  In  this  case  a  sight  signal  is  employed. 


HOT  Air  Blast.      Electric  Thermometers  are  successfully  applied 

m  a  large   number  of  works  to  measuring  the  temperature  of  the  hot  Fig    8. 

blast  in  the  mains  of  blast  furnaces,  and  especially  in  conjunction  with         Diagrammatic  arrangement  of  galvano- 
our    Recorders  for  registering    the    temperature    continuously.      Fig.    1,  meter  and  contacts  of  temperature- 

II.  is  a  reproduction  of  an  actual  record  obtained  at   the  works  alarm, 

of  the  Carnforth    Hematite   Iron   Co.;   it  shows   in  a    striking    manner 

the    rapid    fall   of    temperature   occurring   each    time    that    the    blast    is    shut    off,   followed    by    a    practically 
instantaneous  rise  of  temperature  when  the  blast  is  re-admitted. 

Fig.  28  shows  in  detail  the  construction  of  the  thermometers  and  the  method  of  fixing  them  into  the  hot 
air  mams.  In  many  cases  a  large  number  of  thermometers  are  distributed  throughout  a  plant  and  the  tem 
perature  of  any  thermometer  can  be  read  either  on  an  Indicator  or  on  a  Recorder.  Plate  I.  shows  a  labourer 
taking  the  temperature  in  the  horse-shoe  main  at  the  Cargo  Fleet  Iron  Works,  Middlesbrough. 

BriCK  and  Porcelain  KilnS.  The  determination  of  the  temperature  of  a  porcelain  or  brick  kiln 
is  of  the  greatest  importance,  and  yet  it  is  only  recently  that  the  apparatus  has  been  invented  that  would 
enable  the  continuous  record  of  the  temperature  of  a  kiln  to  be  obtained. 


See  "A  High  or  Low  Temperature  Alarm,"  Horace  Darwin,  Engineering,  March  10,  1905. 


Cambridge,  England.  7 

A  closed  fireclay  tube  (see  Fig.  9)  is  inserted  in  the  walls  or  door  of  the  kiln,  and  a  Fery  Radiation 
Pyrometer  mounted  on  an  iron  bracket  is  focussed  on  the 
end  (A)  of  the  tube.  This  will  be  practically  at  the  tem 
perature  of  the  adjacent  saggers  or  bricks  and  cold  air  is 
prevented  from  entering  the  kiln  and  thus  chilling  the  work. 
There  is  also  the  great  advantage  that  the  radiation  issuing 
from  the  tube  is  independent  of  the  quality  of  the  radiating 
surfaces,  and  is  the  same  as  if  those  surfaces  were  perfectly 
black  (see  also  pp.  54  and  55).  The  pyrometer  is  connected 
to  a  Thread  Recorder  and  a  record  similar  to  that  illustrated 
in  Fig.  2,  Plate  III  is  obtained.  This  curve  is  a  reproduction 
of  an  actual  record  obtained  from  one  of  the  biscuit  kilns 
of  a  leading  firm  of  porcelain  manufacturers. 

Foundry  Practice.  In  all  foundry  practice,  what 
ever  the  material  under  treatment,  the  casting  temperature 
is  of  the  utmost  importance,  and  yet  this  factor  is  almost 
entirely  neglected.  Mr  Percy  Longmuir,  who  has  carefully 
investigated  the  question,  states :  "  The  present  state  of  foundry 
practice  is  such  that  all  conditions,  save  one,  may  by  the 
exercise  of  suitable  care,  be  held  in  good  control.  That  one 
condition  is  the  temperature  of  the  metal  as  it  enters  the 
mould,  ....  In  no  experiment  undertaken  has  the  influence 
of  varying  casting  temperature  failed  to  show,  and  none  of 
the  forms  of  after  treatment  adopted  have  brought  the  metal 
to  a  uniform  level"  ("The  Influence  of  varying  casting  tem 
perature  on  the  properties  of  steel  and  iron  castings,"  Journal 
of  the  Iron  and  Steel  Institute,  May,  1904).  The  Fery  Radiation 
Pyrometer  can  be  focussed  on  the  metal  in  the  ladle  or  on 
the  stream  as  it  leaves  the  crucible  so  as  to  ensure  eastino- 
at  the  most  suitable  temperature.  Thus  this  Pyrometer  en 
ables  the  one  condition  to  which  Mr  Longmuir  refers  to  be 
controlled.  Forgings,  billets,  blooms,  and  finished  rolled 
sections  are  also  readily  followed  through  the  various  opera 
tions  which  have  to  be  performed  on  them,  great  progress  having  already  been  made  in  this  direction. 

GaS  Works.  The  portion  of  a  Record  (Fig.  10)  reproduced  by  the  kind  permission  of  the  South 
Metropolitan  Gas  Co.  was  obtained  from  a  Resistance  Thermometer  inserted  in  a  gas  retort  furnace. 

For  determining  the  temperature  of  the  Retorts  themselves  it  is  advisable  to  employ  the  Fery  Radiation 
Pyrometer.  At  the  Cambridge  Gas  Works  it  has  been  found  that  this  Pyrometer  can  be  carried  round 
the  retort  house  in  the  hand,  sighted  upon  the  part  of  an  open  retort  of  which  it  is  desired  to  obtain  the 
temperature,  and  the  temperature  determined  in  twenty  seconds. 

The  following  extract  from  the  remarks  made  by  Mr  John  Bond,  of  Southport,  before  the  Institution 
of  Gas  Engineers,  1905,  bears  on  this  point: 

"The  Fery  Pyrometer  is  the  handiest  form  of  apparatus  for  taking  temperatures  that  I  have  ever 
worked  with,  as  it  is  specially  adapted  for  taking  temperatures  of  flues,  combustion  chambers,  producers, 

retorts,  &c.  There  is  no  great  skill  required  in  the  manipulation  of  the  instrument At  the  present 

time  we  are  constructing  a  furnace  for  taking  the  fusing  point  of  fire-clay  material,  and  although  we  have 
not  as  yet  done  much  work  in  this  direction,  I  am  convinced  that  the  Fery  Pyrometer  will  °prove  very 
useful  in  aiding  us  to  buy  fire-clay  material  which  will  withstand  a  great  amount  of  heat." 

Electric  Furnaces.  These  furnaces  are  now  being  brought  into  very  general  industrial  use.  The 
temperature,  no  matter  how  high,  can  easily  be  determined  by  a  Fery  Radiation  Pyrometer. 

Incandescent  Lamps  Or  Filaments.  The  temperature  of  these  is  best  determined  by  the  Fery 
Absorption  Pyrometer  (see  p.  37).  For  those  engaged  in  the  manufacture  of  either  incandescent  gas  mantles 
or  incandescent  electric  lamps  these  instruments  will  be  found  of  the  greatest  assistance. 

Breweries.  Electrical  Thermometers  are  employed  in  breweries  for  three  distinct  purposes.  Firstly, 
for  controlling  the  temperature  of  the  mash  tuns  or  keeves,  secondly,  for  recording  the  temperature  of  the 
wort,  and  thirdly  for  regulating  the  temperature  of  the  cold  chambers  in  which  the  hops  are  stored. 


Fig.  9. 

Method  of  mounting  Fery  Kadiation  Pyrometer  for 
recording  continuously  the  temperature  of  a  brick 
or  porcelain  kiln. 
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In  the  first  case  a  thermometer,  permanently  inserted  through  the  bottom  of  the  tun,  is  connected  with 
an  indicator  (see  Fig.  16)  placed  close  to  the  mashing  seat.  If  desired  the  temperatures  of  the  cereal  cooker, 
mash  tun,  mashing  apparatus  and  wort  delivery  tube  can'  be  recorded  simultaneously  on  one  drum  (see  p.  27). 
In  the  case  of  the  cold  stores  the  thermometers  are  read  in  the  engine  room  by  the  engineer  controlling 
the  refrigerating  plant. 

Fahr. 


Record  taken  with  a  Resistance  Thermometer  and  Callendar  Recorder  of  the  temperature  of  a  Gas  Retort  Furnace. 
(The  fall  in  the  temperature  over  the  Sunday  when  the  men  were  not  working  is  instructive.) 

Fig.  10. 

Cold    StOPcl^G.       In  some  of  the  large  Cold  Storage  "Warehouses  a  man   is   employed  whose   sole  duty 
it  is  to  read  the  temperature  of  the  various  thermometers  distributed  over  the  buildings.     This  necessitates  the 


Fig.  11. 
Diagram  showing  an  Installation  of  Thermometers  and  Indicator  in  a  Cold  Storage  Warehouse. 

opening  and  shutting  of  a  large  number  of  doors,  which,  in  addition  to  the  labour  cost,  is  very  wasteful  of  power 
and  tends  to  destroy  the  uniformity  of  temperature  of  the  various  rooms.  At  the  Cold  Stores  of  the  Cardiff 
Pure  Ice  and  Cold  Storage  Company,  Limited,  in  which  we  installed  thirty-four  resistance  thermometers, 
the  engineer  reads  the  temperature  of  all  the  rooms  in  ten  minutes.  Before  the  installation  of  the  electrical 
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thermometers,   the  same  operation  took  him   fifty-flyer*  minutes.     As   the   readings  are  taken  eight  times  in  the 
twenty-four  hours,  the  time  saved  amounts  to  six  hours  a  day. 

An  installation  of  electrical  thermometers  fitted  throughout  the  warehouse,  and  read  from  the  engine-room, 
enables  the  engineer  to  control  the  temperature  of  the  luilding  without  leaving  his  post.  The  thermometers 
being  enclosed  in  brass  sheaths  are  readily  responsive  to  changes  of  temperature  and  practically  unbreakable. 
In  the  majority  of  cases  an  installation  will  more  than  pay  for  itself  in  twelve  months.  Fig.  11  shows 
diagrammatically  an  installation  of  electrical  theimometers  enabling  the  temperatures  of  two  cold-chambers 
to  be  read  in  the  engine-room.  Fig.  16  is  an  illustration  of  the  type  of  Indicator  and  Fig.  25  of  the  thermo 
meter  frequently  used  in  Cold  Stores.  Therm  o-etectric  thermometers  may  also  be  used  for  the  same  object. 
See  Outfit  605  t,  p.  34. 

Meteorology.  The  applications  of  Resistance  thermometers  to  Meteorology  are  very  valuable.  They 
can  be  placed  in  positions  where  it  is  impossible  to  read 
mercury  thermometers,  as  underground  or  in  deep  water.  The 
thermometers  can  be  left  untouched  for  years  and  may  be 
read  at  distances  of  many  yards  from  the  spot  where  they  are 
buried  or  immersed*.  Fig.  12  shows  the  method  of  burying 
thermometers  in  order  that  the  soil  above  them  should  be  left 
undisturbed. 

The  open  wound  type  of  thermometer  (see  Fig.  29)  when 
connected  to  a  Callendar  Eecorder,  as  suggested  by  Mr  E.  B.  H. 
Wade,  the  Director  of  the  Helwan  Observatory  t,  forms  a 
remarkably  sensitive,  recording  instrument,  variations  in  air  tem 
perature  being  shown  that  in  the  usual  way  would  have  been 
entirely  omitted,  an  example  of  such  a  record  is  shown  in  Fig.  13. 
Other  Meteorological  applications  are  discussed  in  a  separate 
leaflet,  "The  Applications  of  Electrical  Resistance  Thermometers 
to  Meteorology,"  sent  on  application. 


Fig.  12. 

Diagram  showing  method  of  burying 
underground  thermometers. 


50° 


30  E  J0 


Noon 


THUNDER  ST)RM 


Fig.  13. 

Record  obtained  in  Cambiidge  en  Feb.  8,  19C6,  with  an  open-wound  theimometer  and  Callendar  Electric  Recorder; 
the  instrument's  rapidity  of  action  is  shown  in  the  quick  response  to  the  rapid  fall  in  temperature  accom 
panying  the  thunderstorm.  See  also  "The  Developement  and  Progress  of  the  Thunder  Squall  of  Feb.  8,  1906," 
R.  G.  K.  Lempfert,  Royal  Meteorological  Society,  May  15,  1906. 

*  See  "  Underground  Temperature  at  Oxford,  etc.,"  A.  A.  Rambaut,  Phil.  Trans.  Roy.  Soc.,  Vol.  195.  A. 
t  "A   Report   on   the   use   of    Platinum  Resistance  Theimometers   in   determining  the  temperature  of   the  air  at 
the  Helwan  Observatory,'   E.  B.  H.  Wade. 
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ELECTRICAL  RESISTANCE  THERMOMETERS*. 

The  essential  part  of  these  instruments  is  a  fine  platinum  wire  which  is  wound  on  a  mica  frame,  and 
whose  resistance  becomes  greater  as  its  temperature  rises.  This  wire  is  called  the  "bulb"  of  the  thermometer, 
and  is  contained  in  the  lower  4  inches  (100  mm.)  of  the  protecting  tube.  It  is  connected  by  stouter  wires  to 
the  indicator  or  recorder. 

In  practice  there  is  no  need  to  take  account  of  the  resistance  itself,  the  temperature  (Centigrade  or 
Fahrenheit)  being  directly  indicated  by  our  instruments. 

The  thermometers,  unless  constructed  for  a  specially  contracted  or  open  range  are  interchangeable. 
It  is  thus  possible,  in  the  case  of  a  break-down,  to  connect  up  a  second  thermometer  without  any  loss 
of  time  in  adjusting  the  Eecorder  or  Indicator  to  the  thermometer. 

For  protection  against  fumes  and  mechanical  damage,  the  bulb  is  enclosed  in  a  tube  of  porcelain,  steel  or 
brass,  according  to  circumstances. 

An  arrangement  of  compensating  leads  serves  to  eliminate  all  effects  due  to  the  temperature 
of  the  connecting  wires,  so  that  even  when  these  are  of  considerable  length,  the  readings  obtained 
are  determined  solely  by  the  temperature  of  the  bulb.  However  inaccessible  the  place  whose 
temperature  is  to  be  measured,  the  indicator  or  recorder  may  be  installed  wherever  it  is  most 
convenient  to  use  it.  Thus  we  recently  installed  some  resistance-thermometers  in  the  experimental  explosives 
huts  of  the  Royal  Arsenal,  Woolwich,  and  an  indicator  for  reading  these  thermometers  in  an  engine-room 
three-quarters  of  a  mile  away. 


METHODS    OF    MEASURING    TEMPERATURE    WITH    ELECTRICAL 
RESISTANCE    THERMOMETERS. 

Direct    Reading.       In  this  method  the  Whipple  Temperature  Indicator  shown  in  Fig.  14  is  connected 
to  the  wires  leading  from  the  thermometer. 


Fig.  14  (see  p.  12). 
Resistance  Thermometer  connected  to  a  Whipple  Patent  Temperature  Indicator. 

By  depressing   the   contact  key   F,   and   by  turning  the   milled   head    H,    the   resistance   of   the   Indicator 
is  made  to  equal  that  of  the  thermometer,  the  galvanometer  needle  at  B  showing  when  balance  is  obtained 
The  required  temperature  in  degrees  Centigrade   (on   Indicator  1030  or  Fahrenheit  (on    Indicator  104C)  can  at 
once  be  read  off  on  the  scale  at  A. 

*  For  additional  notes  on  Eesistance  Thermometry,  see  p.  52. 
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The  indicator  need  not  be  near  the  thermometer,  but  may  be  a  considerable  distance  from  it  without 
affecting  the  accuracy  of  the  readings. 

The  instrument  is  so  constructed  that  rapidly  varying  temperatures  may  l>e  readily  followed  and  measured. 
It  is  fitted  with  battery  complete,  in  a  teak  case.  A  strap  is  provided  for  carrying,  the  whole  instrument  being 
designed  for  portability.  The  size  of  the  case  when  closed  is  12  in.  by  8  in.  by  9  in.  high  (300  mm.  x  200  mm. 
by  225  mm.  high),  and  the  weight  22  Ibs.  (10  kilos).  By  means  of  this  instrument  any  workman,  without 
electrical  knowledge,  can  learn  the  temperature  of  his  furnace  or  source  of  heat  in  two  or  three 
minutes. 

A  series  of  thermometers  distributed  over  a  considerable  area  can  be  read  from  one  central  station  by 
means  of  an  indicator  and  switchboard  (see  figs.  11  and  15).  NO  CORRECTIONS  OF  ANY  KIND  HAVE 
TO  BE  APPLIED. 


Fig.  15  (see  p.  22). 

Thermometer  Switchboard.     The  Temperature  Indicator  or  Eecorder  can  be  connected  to  any  one  of  a  number 

of  Thermometers  by  moving  the  plug  shown. 

For  comparatively  low  temperatures  (-15°  to  100°  C.— 0°  to  212°  Fahr.)  an  Indicator  (see  Fig.  1  6)  is 
aenerally  employed— it  is  fitted  with  a  12  inch  (300  mm.)  dial  and  can  be  easily  read  even  in  a  bad  light. 

Recording.  In  this  method  the  thermometer  is  connected  with  a  Callendar  Patent  Recorder,  and  a 
battery,  shown  in  Fig.  1.  The  Eecorder  automatically  balances  the  resistance  of  the  thermometer  by  resist 
ances  in  the  instrument.  When  the  temperature  of  the  thermometer  is  varied  the  balance  of  resistances  is 
disturbed  and  the  automatic  restoration  of  the  balance  causes  the  pen  to  travel  across  the  paper  and  register 
the  temperature.  When  the  balance  is  disturbed  the  galvanometer  tends  to  deflect  to  one  side  or  the 
other  and  thus  completes  the  circuit  through  one  or  other  of  the  two  motor  release  magnets  which 
lifts  a  brake  and  allows  a  motor  clock  to  pull  the  pen  along  until  the  balance  is  restored.  A  continuous 
record  of  the  temperature  is  thus  obtained,  and  the  actual  temperature  at  any  time  can  be  read  off  without 
disturbing  the  record.  It  is  thus  possible  to  see  at  a  glance  whether  the  required  temperature  is  being  main 
tained  or  not.  These  recorders  are  sensitive  and  accurate,  and  have  a  very  wide  range.  No  photography  is 
employed,  and  the  amount  of  current  consumed  is  small. 

Specimens  of  the  records  obtained  with  these  instruments  are  shown  in  Fig.  1,  Plate  III.  and  Figs.  3,  6, 
10  and  13. 

In  almost  all  cases  below  900°  C.  (1650  Fahr.),  where  temperature  has  to  be  measured  or  controlled 
we  believe  that  Resistance  Thermometers  will  be  found  more  effective  and  accurate  than  any  other 
temperature  measuring  device. 


2—2 
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SPECIFICATIONS   AND    PRICES   OF    ELECTRICAL    RESISTANCE 
THERMOMETERS   AND   AUXILIARY   APPARATUS. 

NOTE.— Every  effort  has  been  made  in  this  list  to  facilitate  the  selection  of  the  thennometric  outfit 
best  suited  to  any  special  raquiremants.  In  many  cases,  however,  it  will  save  time  to  fill  in  with 
answers  and  mail  to  us  the  sheet  of  questions  on  page  v,  when  we  shall  be  glad  to  advise  promptly  as 
to  the  most  suitable  outfit,  to  submit  quotations,  and  to  give  any  further  information  in  our  power. 

The  thermometers  illustrated  are  only  a  few  of  the  many  types  which  we  have  constructed. 


101  t.    Temperature    Indicator    for    use    in    Cold 

Stores,    in   cast  iron  case,  reading  from  —  15°C.  to  100°  C.  (as  shown 
in  Fig.  16)  


£    s.     d. 


102  t.       Ditto,      ditto. 


Fig.  16. 
reading  from  0°  F.  to  212°  F. 


103  t.     Whipple   Patent   Temperature   Indicator  for 

general  commercial  use,  reading  from  -10°C.  to  1200°  C.,  and  graduated 
every  degree,  in  case  complete,  as  shown  in  Fig.  14 


104  t.       Ditto.      ditto,      reading    from    0°  F.     to    2200°  F.,    and 
graduated  every  degree  ...         ...         ...         ...  20    0    0 

105  t.     Indicator  mounted  on  Gimbals  for  use  at  sea 

(see  Fig.  7),  reading  from   -10°C.  to  1200°  C 25     0     0 

114  t.      Dry     Cells    for    use    with     Temperature- 
Indicators.      Each     2    0 


Code  Word 


18  10    0         90.10  d        Heraldry 


18  10     0         90.10  d        Herbage 


20    0    0        97.40  d 


Foundry 


97.40  d        Excoriated 


121.80  d 


.50  d 


Engraft 
Hydropic 


CALLENDAR    RECORDERS   (WHEATSTONE    BRIDGE    TYPE)    FOR    CONTINUOUS    REGISTRATION 
OF    TEMPERATURES    WITH    PLATINUM    RESISTANCE    THERMOMETERS. 

The  range  is  determined  by  the  thermometer  and  bridge-wire,  and  may  be  25,  100,  250,  500,  or  1000 
Centigrade  or  Fahrenheit  degrees  as  desired. 

The   Recorders   are   fitted   with   two   types    of  switchboard,   one   (106*  and    1070    in    which   by   means   of 

a  zero  coil  the  interval  of  temperature  can  be  shifted  to  a  higher  or 'a  lower  position  on   the  thennometric 

Thus  suppose  the  thermometer  is  constructed  to  give  a  range  of  400  Centigrade  degrees  on  the  recorder 

sheet;    by  suitable  adjustment  of  the  zero  coil   of  the  recorder  the   interval   of  temperature   over   which   the 
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recorder  will  work  may  be  made  -  50°  C.  to  350°  C.  or  0°  C.  to  400°  C.  or  500°  C.  to  900°  C.  or  any  other  interval 
of  400  Centigrade  degrees  within  the  upper  limit  of  1200°  C.  (2192°  F.).  In  the  second  type  of  switchboard 
(W8t,  108 a  t  and  1090  a  series  of  coils— equivalent  to  a  large  range  of  "zero  coils"— are  provided  so  that 
the  intervals  of  temperature  can  be  readily  and  conveniently  altered.  In  this  case  the  range  may  be  open, 
say  100°  C.,  and  the  interval  of  temperature  over  which  the  Recorder  will  work  anything  between 
-50°  and  +  50°  C.  and  1100°  and  1200°  C.  This  will  necessitate  altering  the  coils  on  the  switchboard  after 

every  rise  or  fall  of  the  temperature  greater  than  one  hundred  degrees.  If  it  is  inadvisable  to  touch  the 
recorder  during  a  record  and  if  it  is  known  that  the  temperature  will  vary;  over  a  large  range  then 
Recorders  106 1  or  107 1  with  suitable  thermometers  should  be  employed. 


106  t.     Recorder,  Wheatstone  Bridge  Type,  adjusted 

to  suit  a  particular  range  of  temperature,  with  drum  rotating  once  in 
25  hours  and  also  by  a  simple  change  speed  arrangement  once  in 
2  hrs.  5  min.  (see  Fig.  1).  (A  record  obtained  with  one  of  these  instru 
ments  is  reproduced  in  Fig.  1,  Plate  III.) 


£     s.     d. 


Code  Word 


38    0    0      185.00  d        Disport 


Fig.  17. 
Callendar  Kecorder,  Wheatstone  Bridge  Type,  with  continuous  paper  arrangement  (109  t). 


107  t.  Ditto,  with  Wayne's  Continuous  Paper  Movement  in 
place  of  the  Recording  Drum.  This  gives  an  unbroken  record  extending 
over  a  week,  a  space  of  one  hour  being  equal  to  10  mm.  on  the  paper 


43     0    0       209.50  d        Dixtanzia 
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107  a  t.  ZerO  COilS  for  raising  the  temperature  at  which 
the  record  commences  without  widening  or  contracting  its  range. 
When  ordering  state  the  temperature,  and  whether  Centigrade  or 
Fahrenheit,  at  which  the  record  is  to  commence.  Each  

108  t.  Recorder,  Wheatstone  Bridge  Type,  fitted 
with  Switchboard  giving  an  open  temperature  scale, 

and  with  arrangements  for  readily  shifting  the  range  of  temperature  to 
a  higher  or  a  lower  position  on  the  temperature-scale,  with  drum 
rotating  once  in  25  hours,  and  also  by  a  simple  change  speed  arrange 
ment  once  in  2  hrs.  5  min.— this  latter  speed  being  found  useful  for 
short  tests  such  as  the  determination  of  recalescent  points,  &c. 

108a  t.  Ditto,  but  with  drum  rotating  once  in  12  hours  and 
once  in  one  hour... 

109  t.  Ditto,  with  Wayne's  Continuous  Paper  Movement  in 
place  of  the  Recording  Drum,  for  giving  an  unbroken  record  extending 
over  a  week  (see  Fig.  17)  

DLISt-tight  Cupboard  for  containing  any  of  the  above  Re 
corders,  fitted  with  glass  door  ...•  


s.     d. 


Code  Word 


15     0  3.70  d        Distain 


40     0     0       195.00  d        Disblame 


40    0    0      195.00  d 


Hortation 


45     0    0      219.50  d        Disloyalty 


2  15    0        13.50  c 


Hortative 


Fig.  18. 
Calendar's  Kecorder,  Combined  Potentiometer  and  Wheatstone  Bridge  Type  (112  t). 

110  t.      Recorder,    Combined    Potentiometer    and 

Wheatstone  Bridge  Type,  with  the  galvanometer  in  separate  case. 
Drum  rotating  once  in  25  hours  and  2  hrs.  5  min.  By  means  of  the 
switches  shown  (see  Fig.  18)  it  can  be  used  as  a  recording  Wheat- 
stone  Bridge  or  Potentiometer  and  will  therefore  be  found  to  have  a 
large  field  of  usefulness  in  a  Laboratory.  Suitable  accessories  will  enable 
it  to  record  either  temperature,  voltage,  current,  sunshine,  pressure,  &c. 
A  descriptive  pamphlet  will  be  sent  on  application. 


60     0     0       292.50  d        Herbal 
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112  t.     Recorder,    Combined     Potentiometer     and 

WheatstOne  Bridge,  with   the  galvanometer  in   separate   case  (see 

Fig.  18)  and  with  Wayne's  continuous  paper  movement 

(Recorders  108*,  109*,  110*  are  especially  suitable  for  use  in  a 
Works-Laboratory.  The  following  may  be  taken  as  the  approximate 
dimensions  of  Recorders  106*  to  109*.  Height  29"  (740mm.),  Breadth 
16|"  (420mm.),  Depth  8£"  (210mm.),  Weight  about  55  Ibs.  (25  kilos).) 

113  t.     Spare  Bridge  Wires,  each    

113a£.       Balancing    CoilS    for  above,  each      

Each  bridge  wire  should  be  used  with  a  correspondingly  numbered 
balancing  coil. 

Recorder  Sheets : 

No.  2.  These  sheets  are  ruled  for  drum  rotating  in  25  hours, 
and  are  suitable  for  instruments  106  *,  108  *  and  110  *  (Fig.  1, 
Plate  III)  per  IQQ 

No.  3.  Sheets  for  Wayne's  continuous  paper  movement  and  are 
suitable  for  instruments  107  *,  109  *  and  112*  per  25 

No.  /.  These  sheets  are  ruled  for  a  drum  rotating  in  12  hours 
and  are  suitable  for  instrument  108 a*  per  100 

115  t.  Two-Cell  Accumulator  in  a  case,  especially  suitable 
for  use  with  Callendar  Recorders  ;  capacity,  90  ampere-hours.  These 
accumulators  will  run  a  Recorder  for  a  week  with  one  charge;  weight, 
with  acid,  about  45  Ibs.  Owing  to  difficulties  of  transport  the  accumu 
lators  are  supplied  without  acid  


£    s.     d. 


Code  Word 


65     0     0      316.50  d        Herbary 


12    6 
15    0 


3.00  Hipha.lt 

3.70  Hipshot 


3     6 


5     0 


8     6 


.90  c  Hortatory 
1.20  c  Humective 
2.00  c  Herdman, 


2  15     0         13.40  d        Jabberer 


Fig.  19. 
Accumulator-charging  resistance. 

116  t.    Accumulator-Charging   Resistance.      For  re 
charging  a  small  number  of  accumulators  from  a  direct  current  lighting 

or  power  circuit  the  most  convenient  apparatus  is  a  lamp  resistance. 
Fig.  19  illustrates  the  charging  board  we  supply  for  this  purpose. 
This  is  arranged  with  a  switch,  two  terminals  for  connection  and  six 
lamps  in  parallel,  mounted  on  a  stout  teak  base.  Full  instructions 
are  supplied  with  each  board.  Price  without  lamps 

117  t.      Small  Hydrometer  for  measuring  the  Specific  Gravity 

of  the  acid  in  Accumulators.  The  hydrometer  floats  in  a  pipette  tube 
into  which  a  sample  of  the  acid  is  drawn.  It  is  thus  possible  to  test 
the  acidity  of  a  portable  closed  cell.  It  is  important  to  test  the  specific 
gravity  of  the  acid  before  commencing  to.  charge  accumulators  and  also 
at  regular  intervals  during  use  

118  t.       Pocket    Voltmeter    for  testing  accumulators,  reading 
from  0  to  5  volts,  in  case  (see  Fig.  20)       


Fig.  20. 
Pocket  Voltmeter. 


1  10    0          7.30  c        Howitz 


14     6          3.50  d        HcrUess 


110          5.10  b        Heritage 
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RESISTANCE    THERMOMETERS. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

11 9  f— 123  f  (Fig.  21). 


CANDLE-MAKING,  ETC. 

llHL                    For  temperatures  up  to  500°  C.  (932°  F.). 

n 

res? 

Tube  steel  throughout  1  in.  (25mm.)  outside  diameter  bulb  platinum,  leads  copper 

;        Boxwood                  ,*                   i 

«««           throughout. 

Hard,  wood  heads. 

Length  of 
theimometers                   Price 

^ThroJghSJt*                            No.                  ft.    ins.     mm.             £    s.     d.                   $ 

Code  Word 

119  t              1       1       330             2  15    0             13.40 

d                 Heremite 

^-Steel  Tube 

3  to 

0  mm 

120  t             23      690             300             14.60 

d                 Heretic 

,MicaD,5cS                         121  t             33    1000             350             15.90 

d               Heriot 

122  t             43     1300             3  10    0             17.CO 

d                 Hermetic 

123  t             56     1680             426             20.00 

d                 Hermitage 

Intermediate  sizes  charged  as  next  size  above,  longer  sizes  made  to  order. 
For  reading  temperatures  with  these  thermometers,  use  Indicator  103*  (Centigrade) 
or  104*  (Fahrenheit);  for  continuous  registration  use  Recorder  106*,  107*,  108*,  108a*  or 
109*. 

Fig.  21. 


127f— 131  t    (Fig.  22). 

SUITABLE   FOR    GENERAL   TEST   WORK,   MELTING-POINTS   OF  METALS 
AND   OTHER   SUBSTANCES,   ETC. 


€ 

40 
1350 

1 

s- 

d 

r  p  - 

>>                             For  temperatures  up  to  1200°  0.  (2192°  F.). 
Tube  porcelain  for  12  inches  (300  mm.),  the  remainder  steel  [the  upper  portion 
of  the  steel  tube  should  not  be  made  hotter  than  500°  C.  (932°  F.)]. 
||hrt                  Bulb  Platinum,  leads  platinum  for  18  inches  (450mm.)  the  remainder  of  copper. 
pT^                   Hard  wood  heads.     Porcelain    tube   protected   by   steel   sheath  ;   which  should   be 

1 

:  :  fiES         removed  for  temperatures  above  700°  C    (1292°  F  ) 

Length  of 
theimometers                    Pi  ice 

$                        Code  Word 
29.20  d               Heroic 

30.50  d              Heroship 

Mo 

No.                   ft.    ins.     mm.                £     s.     d 
I'll  t               2       3       690                 600 

|-|" 

f              33     1000                650 

121H               43     1300                6  10     0                 31.70  d                Heronry 
sTSr^ih                        13(H               5       6     1680                 726                34.70  d                Heterodox 

rp.re.«n  Tub.                    131  f.     Spare  steel  sheaths  each      36                  .90                  Hurler 

4p'auaT,                  Intermediate  sizes  charged  as  next  size  above,  longer  sizes  made  to  order. 
For  reading  temperatures  with  these  thermometers  use  Indicator  103*  (Centigrade) 
or  104*  (Fahrenheit);  for  continuous  registration  use  Recorder  106*,  107*,  108*,  108a* 
•"•SB"           or  109*. 

- 
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Resistance  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

141  t — 144^  (Fig.  23). 
SUITABLE   FOR   GENERAL   TEST   WORK,   BOILER   FLUES,   ETC. 

For  temperatures  up  to  1200°  C.  (2192°  P.). 

Tube  porcelain  for  12  inches  (300  mm.)  the  remainder  steel  [the  steel  tube  should 
not  be  made  hotter  than  700°  0.  (1292°  P.)]. 

Bulb  platinum,  leads  platinum  throughout  (instead  of  for  18  inches  only  as  in 
127  £—130  *). 

Hard  wood  heads.  The  porcelain  tube  is  protected  by  a  steel  sheath,  which 
should  be  removed  for  temperatures  above  700°  C.  (1292°  P.). 


No. 

141 

t 

Length  of 
thermometer 
ft.     in.      mm. 

2       3       690 

Price 
£     s.     d. 

700 

$ 
34.00  d 

Code  Word 
Hexameter 

142 

t 

3 

3 

1000 

9 

0 

0 

43.90  d 

Hexapocl 

143 

t 

4 

3 

1300 

11 

0 

0 

53.60  d 

Hexastich 

144 

t 

5 

6 

1680 

13 

10 

0 

65.70  d 

Hiation 

131 

t. 

Spare  steel  sheaths  each 

3 

6 

.90 

Hurler 

Intermediate  sizes  charged  as  next  size  above,  longer  sizes  made  to  order. 

For  reading  temperatures  with  these  thermometers,  use  Indicator  103 1  (Centigrade) 
or  104 1  (Fahrenheit);  for  continuous  registration  use  Recorder  106*,  107*,  108*,  108a* 
or  109  *. 


4  Platinum  Leads 


1  55  t—\  59  t    (Fig.  24). 
SUITABLE   FOR   HIGH-TEMPERATURE   FURNACES,   FLUES,   ETC. 

For  temperatures  up  to  1200°  C.  (2192°  P.). 

Tube  porcelain  throughout,  bulb  platinum,   leads  platinum  throughout,  hard 
wood  heads. 


Length  of 
thermometer 
No.        ft.    in.     mm. 

1 55 1   i    i     330 


Price  with 

Price  wooden  lock-up 

without  cases  fitted 

Case  Code  Word       with  handle  Code  Word 

£     s.     d.  $        (Without  Case)     £     s.     d.          $         (With  Case) 

4  10    0        22.00rf     Hiccough      526      25. 00  d  Highway 


1 56  t  2  3  690  6  17    6 

1 57  £  3  3  1000  950 

158  t  4  3  1300  11  12     6 

159  t  5  0  1520  13     7     6 


33.50  d  Hidalgo  7  13  6  37.40  rf  Highblest 

45.10c/  Hierarch  10    3  0  49.50(7  Highborn 

56.60  d  Higgler  1212  6  61.50 d  Highday 

65.10  Highness  14     9  6  70.50 d  Highfed 


Intermediate  sizes  charged  at  proportionate  prices. 

For  reading  temperatures  with  these  thermometers,  use  Indicator  103  *  (Centigrade) 
or  104*  (Fahrenheit);  for  continuous  registration  use  Recorder  106*,  107*,  108*,  108 a  * 
or  109*. 

Note.  The  outside  diameter  of  the  porcelain  tube  is  14  mm.  in  No.  155  *,  and 
20mm.  in  Nos.  156*— 159*. 
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Resistance  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

171  t  (Fig.  25). 

SUITABLE  FOR  COLD-STORES,   HOSPITALS,   COAL-PITS,   TIMBER   STORES, 
EXPLOSIVES  STORES,   EARTH   TEMPERATURES,   ETC. 

For  temperatures  up  to  100°  C.  (212°  F.). 

Tube  brass,  bulb  platinum,  leads  copper  throughout. 


No. 

171  t 


Price 
£      ,s>.     d. 

2    10    0 


$ 
12.20  d 


Code  Word 
Hailshot 


This  price  includes  two  yards  of  lead-covered  cable  attached. 

For  reading  temperatures  with  this  thermometer  use  Indicator   101 1  (Centigrade)  or 
102  t  (Fahrenheit) ;  for  continuous  registration  use  Recorder  106  t,  107  t,  108  t,  108 a  t  or  109  t. 


25. 


J 

SE 
(r"E 

Porcelain  Mea.dy—^;       & 

ifea^ljy 

1    $W\ 

f 

t 

k            ^-N 

a  2> 

ffil 

^                                     172£—  176?  (Fig.  26). 

SUITABLE   FOR  ANNEALING   FURNACES,   CASE-HARDENING 
FURNACES,  HARDENING  BATHS,  GALVANIZING  BATHS,  ETC. 

For  temperatures  up  to  1200°  C.  (2192°  F.). 
Tube  porcelain  throughout,  bulb  platinum,  leads  platinum. 
Cast-iron  head,  with  protecting  flange,  cover  and  union  for  holding 
leads  in  flexible  steel  or  copper  tubing. 

Fitted  with  removable  steel  sheath,  which  should  be  removed  for  tempera 
tures  above  700°  C.  (1292°  F.). 
,      These    thermometers    can    be    supplied    at    the    same   price   without  the 
protecting  terminal  cap,  and  with  thumb-terminals  in  place  of  the  binding-  posts. 
See  Head  A  top  left-hand  of  Fig.  26. 
Code  Word 
r                                                                                                                      (Thermometer 
Code  Word               without 
(Thermometer         protecting        Spare 
Length  of  ther-                                   with  protect-            terminal         flanged 
mometer  below                                    ing  terminal           cap,  but        sheaths, 
flange                 Price                        cap  and            with  thumb       extra 
No.         ft.    in.    mm.     £    s.     d.        $     flanged  sheath)       terminals)         each     $ 
""        172£           11    280    6    0    0    29.30rf    Highred        Hirsute       12/-     2.90  d 

172a£     1    4    410    7    7    6    36.00  d    Hilarity       Historian    12/9    3.10  d 
17  3  t        2     1     630     9  10     0    4S.30d     Hilding          Histrione       13/9     3.40  d 
174/        3    1    940  11  15    0    57.30(/    Hinderer      Hoared        15/3    3.70r/ 
175  t        4     1  1240  14     0     0     68.20  d    Hippocras      Hoariner      16/9     4.10d 
17  Gt        4     914501510     0     75.50  d    Hireless          Hoarder        17/9     4.30  d 
Intermediate  sizes  charced  as  next  size  above. 

i    EssSs 

'Head  A 
I        Mead  B-^s    . 
1 

Porcelain  Tube-'' 
Mica  Discs 
4  Platinum  Leads- 

Removable        J  fc 
Steel    Sheath-^1 

Platinum  Co  1         \ 
E 

* 

Fig.  5 

28( 
SB       165t 

t 
| 

2  , 

The  terminal  cap  of  the  head  is  fitted  with  a  union  and  nut   for  con 
necting  it  to  the  flexible  metallic  sheathing  protecting  the  leads. 
For  reading  temperatures  with  these   thermometers,   use   Indicator  103  1 
(Centigrade)  or   104  £   (Fahrenheit);    for  continuous   registration   use   Recorder 
106  *,  107  t,  108  1,  108  a  t  or  109  t. 

Cambridge,  England. 
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Fig.  27. 


Resistance  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 
180£— 185  t   (Fig.  27). 

SUITABLE  FOR  BOILERS  STEAM-PIPES,  SUPERHEATERS,  DYE- VATS, 

MASH-TUNS,  ETC. 

For  temperatures  up  to  500°  C.  (932°  P.). 

Tube  steel,  bulb  platinum,  leads  platinum. 

Brass  head  with  cover;  screwed  with  f  inch  gas-thread  for  screwing  into 
boilers,  steam-pipes,  etc. 


No. 

180 

t 

Length 
including 
screw 
in.    mm. 

4     100 

£ 
3 

Price 
s.     d. 

15    0 

$ 
18.25 

d 

Code  Word 
Hobnail 

181 

t 

6     150 

4 

5 

0 

20.70 

d 

Hobbism 

182 

t 

8     200 

4 

15 

0 

23.20 

d 

Hobble 

183 

t 

12     300 

5 

15 

0 

28.00 

d 

Hobgoblin 

184 

t 

18     460 

7 

0 

0 

34.00 

d 

Hobnob 

185  t  Screwed  gun-metal  flange  for  above,  4/6  ($  1.10)  Hobbler 

Note.     These  thermometers  are  only  supplied  with   flange  (as   figured)  when 

so  ordered;  it  is  usually  most  convenient  to  screw  the  thermometer  directly  into 

the  boiler-shell.     The  terminal  cap  of  the  head  is  fitted  with  a  union  and  nut 

to  which  the  lead  covered  cable  should  be  soldered. 
Intermediate  sizes  charged  as  next  size  above. 
For    reading    temperatures    with    these    thermometers    use    Indicator    103  £ 

(Centigrade)  or  104 1  (Fahrenheit) ;  for  continuous  registration  use  Recorder  106  *, 

107  if,  108*,  108 a*  or  109*. 


1  90  t   (Fig.  28). 
SPECIALLY   SUITABLE   FOR   DETERMINING  THE  TEMPERATURE   OF   HOT-AIR    MAINS,   ETC. 

Tube  porcelain,  with  upper  part  of  cast-iron,  bulb  platinum,  leads  platinum. 

Cast-iron  head  fitted  with  union  for  holding  leads  in  flexible  copper  tubing,  and  cap  which  can  be  quickly 
removed  for  making  and  inspecting  connections. 


No.  t  ThcrnKSinct. 


to   Recorders. 


A.  Thermometer  complete  with  Cap  and  Union 

B.  Porcelain  Tube 

C.  Platinum  Bulb  and  Platinum  Leads  from  Head 

D.  Steel  Protecting  Sheath. 

E.  Flange  for  Protecting  Sheath 

F.  Thermometer  Socket  (Flange,  and  Nipple). 

G.  Coverplate  &  Chain  for  use  when  Thermometer  is  removed 
H.  Thickness  of  Wall. 

I.     Asbestos-covered  Leads  in  flexible  Copper  Tubing. 
J.    Junction-box  and  Union 
K.  Lead-covered  Leads 


Kig.  28. 


3—2 
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Fitted  with  removable  steel  sheath. 

The  thermometer  is  attached  by  means  of  2  bolts  in  radial  slots  to  a  flanged  socket;  the  latter  is 
screwed  with  a  H"  gas  thread,  and  is  screwed  permanently  into  the  sheathing  round  the  main. 

The  thermometer  proper  can  be  removed  in  a  few  seconds,  leaving  the  steel  sheath  in  its  place  in  the 
main.  A  cover  plate  and  chain  is  provided  for  closing  the  socket  when  the  steel  sheath  is  removed  for 
inspection.  Fig.  28  shows  the  details  of  the  arrangement.  The  range  usually  supplied  is  350  to  850°  C  or 
600  to  1600°  F. 

Fig.  28  also  shows  the  method  adopted  for  running  the  leads  from  several  thermometers  to  the  recording 
instrument.  The  thermometer  leads  which  are  protected  by  flexible  copper  sheathing  are  connected  to  lead 
covered  cable  at  a  Junction  Box  (J).  This  forms  a  serviceable  and  readily  detachable  connection,  affording 
at  the  same  time  mechanical  protection  to  the  joint.  The  junction  box  is  usually  carried  by  the 'gas  barrel 
used  to  protect  the  lead-covered  cable.  The  thermometer  should  project  about  two  inches  (50  mm.)  into 
the  main;  the  price  depends  upon  the  length  of  the  thermometer,  and  when  ordering  the  thickness  of  the 
wall  of  the  main  should  be  stated. 

The  price  is  given  for  a  thermometer  projecting  two  inches  into  a  main,  the  walls  of  which  are  9  inches 
(230  mm.)  thick.  Longer  thermometers  are  charged  in  accordance  with  their  length.  For  reading  temperatures 
use  Indicator  103  t  (Centigrade)  or  104  t  (Fahrenheit) ;  for  continuous  registration  use  Eecorder  106  t  107  t 
108  t,  or  109  t. 


1  90  t.  Thermometer  with  porcelain  tube,  13"  long  to  suit  main 
with  walls  9"  thick,  platinum  bulb  and  leads,  with  cast-iron  head,  union 
and  caps  (A,  B,  C  in  Fig.  28) 

13"  screwed  steel  protecting  sheath  (D  in  Fig.  28) 

Screwed  cast  iron  flange  (E  in  Fig.  28) 

Flanged  socket  (screwed  H"  gas  thread)  with  chained  cap  (F  G  in 
Fig.  28)  

Complete  thermometer 
For  complete  outfit,  see  p.  23. 

Resistance  Thermometers. 


£    s.     d. 


15    0 


39.00  d 
1.80  rf 
1.80  d 

3.70  d 


Code  Word 

Hoggish 
Hogcote 
Hogsty 

Hoiden 
Hollyhock 


SUITABLE  FOR  OBTAINING  RECORDS  OF  ATMOSPHERIC  TEMPERATURE.     (See  p.  9  and  Fig.  29.) 

Bulb  wire  platinum,  copper  cups  into  which  the  leads  are  held   by  fusible   metal,  thus   avoiding  defective 
connections  at  the  terminals. 

.  £    s-     d-  $  Codeword 

f  4  10    0  22.00  d  Hodiernal 


Ebonite  Bush. 


p,  Cl          C2 

Fig.  29. 


Cambridge,  England. 
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199  t.  Junction  BOX.  It  is  usually  convenient  to  have  a 
few  yards  of  flexible  armoured  cable  (203  a  t,  203  \)  t  or  204  £)  attached 
to  a  thermometer,  and  at  the  point  where  this  flexible  cable  is  joined 
to  the  lead-covered  cable  within  the  main  conduit  the  junction  box 
(Fig.  30)  forms  a  serviceable  and  readily  detachable  connection,  affording 
at  the  same  time  mechanical  protection  to  the  joint. 


£     s.    d. 
0    15    0 


Fig.  30. 


Porcelain    Tubes   for  thermometers. 


$ 
3.70  d 


Code  Word 
Holocaust 


Leng 

;th  of  Tube 

Diameter 

Diameter 

No. 

ft. 

in.          mm. 

mm. 

mm. 

£     s.     d. 

$ 

Code  Word 

300  £ 

1 

0            300 

fj 
I 

4 

5    0 

1.20  d 

Howling 

301  t 

1 

1           330 

14 

11 

6  -6 

1.60  d 

Howker 

302  t 

1 

4           400 

11 

9 

8    0 

2.00  d 

Howlet 

303  £ 

1 

6           450 

14 

11 

9    0 

2.20  d 

Hubbub 

304* 

2 

0           600 

14 

11 

11     6 

2.80  d 

Huckle 

305  £- 

2 

3           700 

20 

16 

16    6 

4.00  d 

Huckster 

306  t 

3 

3         1000 

20 

16 

126 

5.50  d 

Huddle 

307  £ 

4       11         1500 

20 

16 

1  10    0 

7.30  d 

Hu/er 

308  £ 

5 

7         1700 

20 

16 

1  15    0 

8.50  d 

Hum  m  ing 

315 

t.     Small 

porcelain 

tube  insulators  for 

insulating 

the  thermometer   leads 

3    inches    (76 

mm.)    long 

with  siiiffl 

e  bore 

per  dozen 

2    6 

.60  c 

lanoble 

Mica    Washers    for    holding    thermometer 

leads,    in  boxes  containing  about  300  washers. 

316  t.       8  mm.    diam.    for  use   with   porcelain  tube   of 


9  mm.  inte: 

317  £ 

11  mm.  int 

318  t 

16  mm.  int 

319  t 

22  mm.  int 

320  £ 

or  bodv  of 

nial  diameter 

per  box 

tube  of 
per  box 

tube  of 
per  box 

tube    of 
per  box 

to   head 
per  Ib. 

2 
2 
2 
3 
0 

6 
6 
6 
6 
6 

.60  c 
.60  c 
.60  c 
.80  c 

.12  d 

Labial 
Laceman 
Lactage 
Lactary 
Jaundice 

10  mm.  diam. 

for  use  with  porcelain 

15  mm.  diam. 
ernal  diameter 

for  use  with  porcelain 

20  mm.    diam 

,    for    use    with    steel 

.     Cement  for 

thermometer 

fixing    porcelain    tube 
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Cable  for  connecting  Resistance  Thermometers  to  the  Indicators  or  Recorders. 


201  t.       Four-way  flexible  cable,  india-rubber  and  double  cotton- 
covered,  per  yard 

202  t.      Four-way  cable  in  durable  lead  covering,  per  yard 

„  „  „  „  per  100  yards 

This  cable  is  employed  for  connecting  thermometers  in  works,  cold 
stores,  hospitals,  or  other  places  where  they  are  permanently  installed. 

203  t.       Four- way  flexible  cable  protected  with  asbestos  and  rubber 
covering  and  capable  of  standing  a  considerable  amount  of  heat,  per  yard 


203  a  t.       Ditto,  in  flexible  steel  tubing 
203  b  t.       Ditto,  in  flexible  copper  tubing  [... 


per  yard 
per  yard 


0    8 
2  15    0 


1  6 

3  0 

10  0 

1  3 


$  Code  Word 

.40  d  Holograph 

.16  d  Holster 

13.40  b  Holidam 


.40  d  Homage 

.89  d  Homeless 

2.40  d  Homebred 

.30  d  Homespun 


204  t.      Four-way  flexible  cable,  spirally  armoured,  per  yard 

(This  is  useful  for  connecting  a  resistance  thermometer  to  an 
indicator  which  is  frequently  carried  about  and  subjected  to  the 
knock-about  work  of  an  engine-room.) 

205  t.      Four- way  flexible  cable,  gtout  india-rubber  covered  wires, 

in  flexible  metallic  sheathing,  per  yard          ...         ...  30  .80  d        Homestall 

206  t.       Two-way  insulated  wires  for  connecting  the  recorders  to 

battery        per  yard  0     3  .06  d       Homicide 

Any  of  the  above  cables  can  be  fitted  with  tangs  at  both  ends 
for  an  extra  charge  of  5/-  ($1.20)  ;  tangs  at  one  end  only  2/6  (60  c.). 

Switchboards  for  Resistance  Thermometers.     (See  Fig.  15.) 

210  t.  Switchboard  with  hinged  frame,  plug  and  two  yards  of 
flexible  lead  attached,  for  two  thermometers  2  10  0  12.20  d  Homily 

212  t.      Ditto,  for  four  „  350        15.90  d       Homilist 

214  t.       Ditto,  for  six  „  400         19.50  d       Homogency 

7/6   ($1.80)   is   charged   for  each  additional    thermometer    connection    to    any   of    the    above    boards,   and 
25/-  ($6.10)  for  each  additional  plug  having  two  yards  of  flexible  lead  with  tangs  attached  to  it. 


Cambridge,  England. 
RESISTANCE   THERMOMETER   OUTFITS. 
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Code  Word 


2.10 


8    9 

£26  13     9       130.00  d      HoneykM 


The  following  are  given  as  showing  the  cost  of  various  useful  combinations  of  thermometers  with  indicators 
or  recorders. 

It  will  be  understood  that  any  combination  can  be  made  according  to  requirements. 

217  t.       For    General    Test    Work,  measurement  of  temperatures  in  boiler  flues,  etc. 

1  Whipple  Temperature  Indicator,  with  cells  and  case,  complete 
No.  103  <  20  0  0  97.40 

1  Thermometer,  No.  128;         650         3050 

3  yards  of  flexible  lead,  spirally  armoured,  No.  204 1,  with  tangs 
for  fixing  under  the  terminals  on  the  indicator  and  thermometer 

2182.       For   Cold    Stores,  the  temperature  of  six  rooms  being 
read  from  the  engine-room. 

1  Indicator,  101  t  or  102i!          

6  Thermometers,  @  £2.  10s.  each,  No.  lilt 
6  Plug  switchboard,  No.  214  t  ... 

Say  200  yards  of  lead-covered  cable,  No.  202 1.  (a),  £2  15s  Od 
per  100  yds 

2  Dry  cells,  @  2s.  Od.,  No.  114*       '.". 

219  t.     For     Annealing     or     Hardening     Furnaces. 

Thermometers  recording  continuously  temperatures  from  500°  to  1000°  C. 
1  Callendar  Recorder,  No.  106* 
1   Thermometer,  No.  172  t 

3  yds.  of  asbestos  covered  leads  in  flexible  copper  tubing,  No.  203  \>t 

1  Junction  box,  No.  199; 

20  yards  of  lead-covered  cable,  No.  202 1 

2  Two-Cell   Accumulators,   No.   115;  (one  to   be   recharged  while 
the  other  is  in  use)     ... 

1  Small  Hydrometer,  No.  117;,  for  testing  the  efficiency  of  the 
accumulators 

1  Small  Voltmeter,  No.  118;,  for  testing  the  efficiency  of  the 
accumulators 


18  10    0 

15    0    0 

400 

5  10    0 
040 


90.10 
73.00 
19.50 

26.80 
1.00 


£43     4     0       210.40  d      Honorary 


38    0  0 

600 

1  10  0 

15  0 

0  13  0 

5  10  0 

14  6 


185.00 

29.30 

7.30 

3.70 

3.20 

26.80 
3.50 


219  a  t.       For     Hot     Air     Mains.       Thermometers    recording 
continuously  temperatures  from  350°  to  850°  C.  [600°  to  1600°  Fahr.]. 

1  Callendar  Recorder,  No.  106;  38     0     0 

1  Thermometer,  No.  190;,  steel  protecting  sheath,  flange  screwed 

socket,  &c.  (see  p.  19) 
3  yds.  of  asbestos  covered  lead  in  flexible  copper  tubing,  No.  203  b; 

1  Junction  box,  No.   199; 

2  Two-cell   Accumulators,  No.  115;  (one   to   be   re-charged  while 
the  other  is  in  use") 


110          5 JO 
£54     3     6       263.90  d      Honourer 


9  10    0 

1  10    0 

15     0 


1  Small  Hydrometer,  No.  117;,  for  testing   the   efficiency  of  the 

accumulators 
1    Small   Voltmeter,    No.    118;,   for  testing   the   efficiency   of  the 

accumulators 


220  t.     Study  of  Recalescent  Points  of  Steel. 

1  Callendar  Recorder,  No.  108a; 

1   Platinum  Thermometer,  No.  155; 

1  Electric  Furnace,  No.  262;  (100  volts.)  p.  38      

1  Regulating  Resistance  for  Furnace,   No.  265;  (110  volts.) 

5  yards  4-way   Flexible   leads,   No.  201  ;,   with  tangs  for  putting 
under  the  terminals  on  Recorder  and  Thermometer 

2  Two-Cell   Accumulators,  No.   115  t  (one   to  be  recharged  while 

the  other  is  in  use) 

1  Small  Hydrometer,  No.  117;,  for  testing  the   efficiency   of  the 
accumulators      

1  Small   Voltmeter,    No.    118;,    for  testing  the   efficiency   of  the 
accumulators 


5  10     0 
14     6 


185.00 

46.30 
7.30 
3.70 

26.80 
3.50 


£57 


110          5.10 

6       277.YO  d     Hopper 


40    0  0 

4  10  0 
650 

4  10  0 

0  12  6 

5  10  0 
14  6 

1  1  0 


195.00 
22.00 
30.50 
22.00 

3.00 

26.80 

3.50 

5.10 


£63    3    0      307.90  d    Hopbind 
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THERMO-ELECTRIC  THERMOMETERS*. 

The  essential  part  of  these  thermometers  consists  of  two  fine  wires  of  different  metals  or  alloys  fused 
together  at  one  end  and  connected  through  a  galvanometer  at  their  other  ends,  the  fused  end  being  placed 
in  the  source  of  heat.  An  electro-motive  force  is  developed  by  the  difference  in  temperature  of  the  two 
ends  of  the  couple,  this  being  roughly  proportional  to  the  difference  in  temperature. 

The  most  satisfactory  couples  have  been  shown  to  be: — 

Platinum,    platinum    10%    rhodium,    for  temperatures  up  to  1600°  C.  (2912° F.). 

Platinum,    platinum    10°/o    Jridium,    for    temperatures    up    to    1400°C.    (2552°F.),   giving    a 
more  open  scale  than  platinum,  platinum-rhodium. 

Copper-Con Stantan    for  temperatures  up  to  500°  C.  (932°  F.),  giving  a  very  open  scale. 

Iron -Nickel  Couples  will  be  supplied  if  desired,  but  experience  shows  that  they  are  not  so  durable 
as  the  platinum  metals,  and  for  this  reason  we  do  not  recommend  their  employment. 

The  electro-motive  force  developed  by  the  couple  is  measured  either  directly  on  a  galvanometer  or  by 
means  of  a  potentiometer  (see  pp.  46  and  53).  The  latter  is  the  more  accurate  way,  but  is  more  laborious 
and  is  not  often  used  commercially. 

In  Commercial  Work  a  high  resistance  galvanometer  is  employed,  the  coil  of  which  carries  a  pointer 
which  either  moves  over  a  scale,  or  is  depressed  by  means  of  clockwork  mechanism  on  to  an  inkincr 
arrangement  thus  printing  a  mark  of  its  position  on  to  a  sheet  of  paper  wrapped  round  a  revolving  drum. 
In  either  case  two  scales  are  provided,  one  in  millivolts  and  one  in  degrees  Centigrade  or  Fahrenheit. 
Owing  to  the  high  resistance  of  the  galvanometer  the  instrument  may  be  set  up  at  a  considerable 
distance  from  the  source  of  heat  without  the  necessity  of  making  allowance  for  the  resistance  of 
the  conducting  wires.  It  is  necessary  for  the  efficient  working  of  the  instrument  that  the  end  of  the 
couple  furthest  from  the  source  of  heat  should  be  maintained  at  a  constant  temperature.  In  the  majority 
of  cases  where  high  temperature  is  involved  it  is  sufficient  if  this  end  is  kept  fairly  cool,  and  this  factor 
decides  the  length  of  the  thermometer. 


Fig.  31. 
Millivoltmeter— Wall  Type. 


Millivoltmeter — Portable  Type. 


Direct  Reading.  In  this  method  the  thermometer  is  connected  directly  by  means  of  leads  to  the 
galvanometer,  generally  called  millivoltmeter,  shown  in  Figs.  31  and  32.  Two  types  of  instrument  are  made, 
the  Portable  and  Wall  Types.  The  galvanometer  coils  are  pivoted— thus  avoiding  all  risks  of 
broken  suspensions. 

For  additional  notes  on  thermo-electric  thermometry,  formulae,  etc.  see  p.  53. 
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Portable    Type,  the  instrument  is  practically  independent  of  levelling,  and  is  enclosed  in  a  teak 
case  provided  with  a  handle. 

Wall    Type,  the  instrument  stands  on   a  cast-iron  wall   bracket,  and   is   more   particularly  useful  when 
the  instrument  is  to  be  permanently  installed. 

Recording.       The  recorder   (Fig.    33)   to   which   reference   has    already   been    made,   and    to   which    the 


The    galvanometer    boom   A 


Fig.  33. 
Patent  Three d  Recorder  for  recording  temperatures. 

name    of    Thread   Recorder   has    been    given,    is,    we    believe,    entirely    novel. 

turning  about  the  axis  B  (see  Fig.  34)  is  depressed  every 

minute  or  half-minute  as  desired  on  to  an  inked  thread  G 

which   is   forced   against   the   paper,   leaving    a   small   ink 

mark   behind   on    the   paper.     The   ink   on   the   thread    is 

renewed  by  means  of  a  simple  winding  mechanism.     This 

method  of  recording  gives  rectangular  co-ordinates  and 

entirely  prevents   the   blotting    or   smudging  of  the 

record.    The  instrument  can  be  made  extremely  sensitive 

as  shown  by  the   recalescence  record  (Fig.  3,   Plate  III.). 

This   is   a  reproduction   of    the   record    obtained   when   a 

platinum,  platinum-rhodium  couple  was  placed  in  a  block 

of  steel  which  was  heated  and  allowed  to  cool. 

The  clockwork  mechanism  can  be  made  to  depress 
two  or  more  galvanometer  booms  simultaneously,  the 
various  galvanometers  being  connected  to  different  thermo 
meters.  The  records  obtained  are  entirely  independent 
of  each  other  and  the  thermometers  may  be  working 
over  widely  different  ranges.  If  by  any  mishap  one 
galvanometer  or  thermometer  is  damaged  the  others  are 
unaffected. 

A  scale  for  reading  temperatures  directly  is  fixed  on 
the  face  of  the  chopper  bar  D,  Fig.  34. 

Note.  For  details  as  to  range  of  thermometers,  prices, 
etc.  see  pp.  27—34. 

By  means  of  suitable  accessories  the  Thread  Re 
corder  can  be  used  as  an  extremely  efficient  Recording 
Ammeter  or  Voltmeter,  the  amount  of  energy  absorbed  in  the  instrument  being  exceedingly  small. 

Switchboards  can  be  used  with  thermo-electric  thermometers,  as  with  resistance  thermometers,  so  that 
any  one  of  a  number  of  thermometers  can  be  connected  as  desired  to  a  millivoltmeter  for  reading  or  a 
thread  recorder  for  recording  the  temperature.  Fig.  42  shows  the  form  of  switchboard  used  with  four  of  these 
thermometers. 


Fig.  34. 
Essential  parts  of  Thread  Recorder . 
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SPECIFICATIONS   AND    PRICES   OF  THERMO-ELECTRIC 
THERMOMETERS    AND   AUXILIARY   APPARATUS. 

Millivoltmeters  for  obtaining  direct  temperature  readings. 

For  use  with  platinum,  platinum-indium   couple  reading  directly  from   0°  to  1600°  C.,  divided   to  every 
twenty-five  degrees  and  also  divided  to  read  directly  in  millivolts. 


Portable  Pattern  (Fig.  32) 

No.  £     s.     d.  $  Code  Word  No. 

500  t  900  43.90  d        Horal  503  t 


Wall  Pattern  (Fig.  si) 

£     s.     d.  $  Code  Word 

800  39.00  d        Horary 


For  use  with  platinum,  platinum-rhodium   couple  reading  directly  from  O3  to  1600°  C.,  divided  to  every 
twenty-five  degrees  and  also  divided  to  read  directly  in  millivolts. 


Portable  Pattern 

No.  £    s.     d.  $  Code  Word  No. 

501  t  900  43.90  d        Horned  504  t 


Wall   Pattern 

£     s.     d.  $  Code  Word 

800  39.00  d        Hornify 


For  use  with  copper-constantan  couple  reading  directly  from  0°  to  600°  C.,  divided   to   every  ten   degrees 
and  also  divided  to  read  directly  in  millivolts. 


Portable  Pattern 

No.  £    s.     d.  $  Code  Word  No. 

502  t  900  43.90  d        Hornwork  505  t 


Wall  Pattern 

£    s.     d.  $  Code  Word 

800  39.00  d        Horrent 


Note.  Millivoltmeters  precisely  similar  to  the  above,  but 
divided  to  read  temperatures  on  the  Fahrenheit  scale,  can  also 
be  supplied.  When  ordering  by  cable,  add  to  the  code  word 
the  word  "Fahrenheit";  thus,  "Horal  Fahrenheit."  As  the 
instruments  reading  on  the  Fahrenheit  scale  are  not  held 
in  stock  there  may  be  a  slight  delay  in  delivery. 


510 1.  Spring  Suspended  Table  for  sup 
porting  Galvanometer.  This  has  been  found  useful 
for  supporting  an  instrument  where  it  would  otherwise  be 
subjected  to  vibration. 


£      s.     d. 
1     15    0 


8.50  d 


Code  Word 
Horseboy 


Fig.  35. 
Spring  suspended  table  for  supporting  galvanometers. 


Reflecting  galvanometer  With  large  mirror  for  use  with  a  thermo-electric  ther 
mometer  for  works'  use.  The  image  of  a  Xernst  lamp  filament  is  projected  on  to  a  wall  or  screen  so  that 
the  workman  can  detect  a  slight  or  sudden  movement  of  the  galvanometer. 

When  used  in  conjunction  with  thermometer  580  £,  p.  32,  it  forms  an  efficient  method  for  the  control 
of  Jam  boiling,  it  is  extremely  rapid  in  its  indications  ;  the  price  of  a  complete  outfit  is  given  on  page  33. 


Galvanometer  with  large  mirror 


£     s.     d. 
7  10    0 


36.50  d 


Code  Word 
Horsemill 
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Thread  Recorder  for  continuous  registration  of  Temperatures  obtained  with 
Thermo-electric  Thermometers  and  the  Fe>y  Radiation  Pyrometers. 

(Patented  in  the  United  Kingdom  and  Abroad.) 

The  Recorder  (see  Fig.  33)  is  the  same  instrument  whatever  the  range  of  temperature  it  is  to  record, 
the  only  difference  being  in  the  adjustment  of  resistance  and  sensibility  to  suit  the  circumstances. 

The  range  is  determined  by  the  thermometer  and  the  multiplying  coil  supplied  with  the  Recorder. 

When  ordering  it  is  necessary  to  specify  whether  the  instrument  is  to  be  used  with  a  Copper-Constantan  ; 
Platinum,  Platinum-Iridium ;  or  Platinum,  Platinum-Rhodium  couple ;  or  with  a  Fery  Radiation  Pyrometer. 
The  upper  and  lower  limits  of  the  temperature  range  should  be  specified  and  the  distance  to  be  covered 
by  the  leads  from  the  Thermometer  to  the  Recorder. 

For  LOW  Temperatures  with  Copper-Constantan  couples  the  reading  may  start  at  any  point  from 
—  200°  C.  up  to  275°  C.  and  the  range  may  be  25°  C.  or  any  multiple  of  25°  C. 

Examples.  From  to  Range  °  C. 

Cold  Storage  —10  +15                            25 

Lake  Temperatures  —    5  +20                          25 

Meteorological  Temperatures  — 10  +40                           50 

Steam   Temperatures  +80  180                         100 

Maximum  Sensitiveness  =  1°  C.  =  3  mm.  on  the  paper. 

For  Medium  Temperatures  with  Platinum,  Platinum-Indium  or  Platinum,  Platinum-Rhodium 
couples  the  reading  may  start  at  any  point  from  0°  C.  up  to  1000°  C.  and  the  range  may  be  100°  C.  or  any 
multiple  of  100°  C. 

Examples.  From  to  Range  °  C. 

Annealing  Furnace  500  1000  500 

Flue  gases  200  700  500 

Maximum  Sensitiveness  =  10°  C.  =  8  mm.  on  the  paper. 

For  High  Temperatures  with  the  Fery  Radiation  Pyrometer  the  reading  may  start  at  any  point 
from  0°  C.  upwards  to  the  highest  known  temperatures. 

Owing  to  the  fact  that  the  deflection  for  any  given  temperature  is  proportional  to  the  fourth  power 
of  the  absolute  temperature,  the  scale  is  very  open  at  the  higher  temperatures  and  the  lower  temperatures 
from  0°  to  500°  occupy  but  a  small  fraction  of  the  scale*.  Thus,  little  is  gained  by  a  "set  up"  zero  in  this 
case,  and  the  reading  always  starts  at  0°. 

Maximum  Sensitiveness  at  about  1000°  C. :  10°  C.  =4  mm.  on  the  paper. 

Examples.  From  to  Range  °  C. 

Dust  Destructor  0  2000  2000 

Porcelain  Kiln  0  1500  1500 

For  the  purpose  of  altering  the  scale  values  we  supply  "multiplying  coils."  When  these  are  inserted 
in  the  recorder  they  alter  the  range.  These  coils  can  be  supplied  with  the  recorder  or  mav  be  ordered 
afterwards  by  quoting  the  range  desired,  the  instrument  number  on  the  recorder  (and  if  a  multiple  recorder 
whether  the  coil  is  for  galvanometer  A,  B,  C,  or  D),  and  the  number  and  type  of  the  Thermo-couple  or 
the  number  of  the  Fery  Radiation  Pyrometer  being  used  with  the  recorder. 

If  no  particular  range  is  specified  when  ordering  the  recorder  it  will  be  arranged  to  read  in  millivolts 
the  scale  being  80mm.  deflection  =  1  millivolt;  it  is  then  suitable  for  universal  use  as  a  delicate  recording 
galvanometer  and  can  be  used  with  any  desired  thermo-couple  for  temperature  measurement  by  means  of 
a  calibration  table,  giving  the  values  in  temperature  corresponding  to  the  fractions  of  millivolts  as  read  on 
the  scale.  This  sensibility  would  give  a  range  of  about 

25  degrees  with  a  copper-constantan  thermo-electric  thermometer, 
100        „  „       platinum,  platinum-iridium  thermo-electric  thermometer, 

1000        „  „       Fery  radiation  pyrometer. 

For  those  customers  who  desire  to  check  their  recorders  in  a  simple  manner  or  to  alter  the  temperature 
at  which  the  record  commences,  we  make  a  Simple  Calibration  Set.  This  consists  of  a  pair  of  copper- 
constantan  couples  in  porcelain  tubes,  a  small  resistance  box,  two  accurate  mercury  thermometei-s,  and  full 
tables  and  directions  for  use. 

*  See  "General  Considerations  of  the  Fery  Kadiation  Pyrometer,"  p.  54. 

4—2 
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The   Recorders  are  arranged  to   read   temperatures  on   the   Centigrade   Scale,    but   Fahrenheit    scales  will 
be  supplied  if  specially  ordered. 

As  it  is  frequently  desirable  to  have  simultaneous  records  of  temperatures  at  several  points  we  make  three 

types  of  Recorder: 

Approximate  dimensions 
Height        Depth        Width 

Single  Record  instrument  350  mrn.  300mm.  350mm. 

Double  Record  instrument  in  which  two  galvanometers  record  on  the  same 

sheet,  the  two  records   being  directly  comparable   but   quite  distinct   and 

separate  ...  350mm.  300mm.  470mm 

Quadruple  Record  instrument  in  which  four  galvanometers  record  on  the 

same  sheet,  the  four  records  being  directly  comparable  but   quite  distinct 

and  separate 350mm.    300mm.    720mm. 

Any  one  of  these  three  types  can  be  applied  to  any  of  the  previously  indicated  examples,  or  the  galvano 
meters  may  be  individually  arranged  for  different  ranges. 

Example.     Steam  generation.     A  Quadruple   Recorder   showing  on   one   and   the   same   sheet,   simultaneous 
values  for 

From  to  Range  °  C. 

(A)  Furnace  Temperature  with  a  Fdry  Pyrometer  0  1800  1800 

(B)  Flue  Temperature,  Platinum,  Platinum- Indium  Couple  200  700  500 

(C)  Feed-water  Temperature,  Copper-Constantan  Couple  0  100  100 

(D)  Steam  Temperatures,  Copper-Constantan  Couple  100  150  50 

(or  with  saturated  steam,  pressure  can  be  substituted  for  Temperature). 
The  cost  of  such  an  outfit  is  given  on  p.  33. 


511  t.       Thread    Recorder.       Single  record  for  low,  medium, 
or  high  temperatures,  with  drum  rotating  once  in  25  hours  and  also  by 
a  simple   change   speed  arrangement  once  in  2  hrs.  5  mins. — the  latter 
speed  being  iiseful  for  short  tests 

512  t.       Ditto,       ditto.       Double  record  in  which  two  galvano 
meters  record  on  the  same  sheet,  with  drum  rotating  once  in  25  hours, 
and  also  by  a  simple  change  speed  arrangement  once  in  2  hrs.  5  mins. 


£    s.    d. 


30    0    0      146.10  d 


40    0    0      194.80 


Code  Word 


Hortulan 


Hortyard 


513  £.  Ditto,  ditto.  Quadruple  record  in  which  four 
galvanometers  record  on  the  same  sheet,  with  drum  rotating  once  in 
25  hours  60  0  0  292.20  rf 


514  £.       Multiplying    CoilS,    any  range  (see  p.  27)      ...     each  15     0 


515  t.       Inspection    Scales,    engraved   on   xylonite   to   enable 
Temperatures  to  be  read  at  a  glance  ...         each 

Thread  Recorder  Sheets.  Sheets  ruled  with  25  time  divi 
sions,  each  corresponding  to  one  hour  or  5  mins.  according  to  drum 
speed,  and  25  temperature  or  millivolt  divisions. 

516  £.  Xo.  11  for  Recorder  511  £       per  100 

517  t.  Xo.  12            „             512 1       „ 

518  t.  Xo.  14            „             513 1       „ 

Sheets  ruled  for  use  with  Fery  Pyrometer.    (See  Fig.  2,  Plate  III.) 

519  £.  Xo.  15  for  Recorder  511  t       „ 

520  t.       Xo.  16  „  512*       

521  t.       Xo.  17  „  513*       

522 1.     Calibration  Set  complete  (see  P.  27) 


7     6 


Hospitate 
3.70  d      Hostel 

1.80  d       Hostess 


3  6 

6  6 

12  6 

5  0 

8  6 

15  6 


.85  <;  Hostage 

1.60  c  Hostilize 

3.00  c  Hotspur 

1.20  c  Houri 

2.00  c  Housing 

3.75  c  Houseleek 


7  10     0         36.50  c       Hosting 
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Boxwood  Head 


Thermo-Electric  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 
530  £—539  t  (Fig.  36). 

SUITABLE   FOR   TEMPERATURES   OF   CHIMNEY   SHAFTS,   FOR 
SOAP   BOILING,   ETC. 

Tube  steel  throughout,  leads  platinum,  platinum-iridium  or  copper-constantan. 
Hard  wood  heads. 

Platinum,  platinum-iridium. 

For  temperatures  up  to  700°  C.  (1292°  P.). 

Length  of  Thermometer 

Code  Word 

Humdrum 

Humane 

Humanly 

Humbling 

Humeet 

Copper-constantan. 
For  temperatures  up  to  500°  C.  (932°  P.). 


No. 

ft. 

in. 

mm. 

£   s.      d. 

$ 

530  1 

1 

1 

330 

2  10    0 

12.20  d 

531* 

2 

3 

690 

3  15    0 

18.30  d 

532* 

3 

3 

1000 

4  15    0 

23.20  d 

533  it 

4 

3 

1300 

5  15    0 

28.00  d 

534  1 

5 

6 

1680 

700 

34.10  d 

535  1 

1 

1 

330 

150 

6.10  d 

Humeral 

536^ 
537; 

2 
3 

3 
3 

690 
1000 

1  10    0 
1  15    0 

7.30  d 
8.50  d 

Humidity 
Hummock 

538  1 

4 

3 

1300 

200 

9.80  d 

Humorist 

539; 

5 

6 

1680 

250 

11.00  d 

Humorsome 

Fig.  36. 


Intermediate  sizes  charged  as  next  size  above. 

For  reading  temperatures  with  thermometers  530 ;  to  534 ;  use  Millivoltmeters 
500  ;  or  503  ; ;  with  thermometers  535  ;  to  539  ;  use  Millivoltmeters  502  ;  or  505 ; ;  for 
continuous  registration  use  Recorders  511; — 513;. 

540  t— 548  t  (Fig.  37). 


SUITABLE   FOR   GENERAL   TEST   WORK,   MELTING   POINTS 
OF   METALS,   ETC. 

For  temperatures  up  to  1400°  C.  (2552°  P.) 

Tube  porcelain  for  12  inches  (300  mm.),  the  remainder  steel  [the  steel 
tube  should  not  be  made  hotter  than  500°  C.  (932°  P.)],  leads  platinum, 
platinum-iridium  or  platinum,  platinum-rhodium. 

Hard   wood   heads.     Porcelain  tube  protected  by   steel   sheath  ;    which 
should  be  removed  for  temperatures  over  700°  C.  (1292°  F.). 

Platinum,  platinum-iridium. 

Length  of  Thermometer 


No. 

ft. 

in. 

mm. 

£ 

s. 

d. 

$ 

Code  Word 

540; 

2 

3 

690 

4 

5 

0 

20.70 

d 

Hunger 

541; 

3 

3 

1000 

5 

10 

0 

26.80 

d 

Hungrily 

542; 

4 

3 

1300 

6 

15 

0 

32.90 

d 

Huntress 

543; 

5 

6 

1680 

8 

0 

0 

39.00 

d 

Hurdle 

Platinum,  platinum-rhodium. 


-Porcelain  Tube 


544; 

2 

3 

690 

4 

12 

6 

22.50 

d 

Hypericon 

545; 

3 

3 

1000 

6 

0 

0 

29.20 

d 

Hylozoic 

546; 

4 

3 

1300 

7 

7 

6 

36.00 

d 

Hugger 

547; 

5 

6 

1680 

9 

0 

0 

43.90 

d 

Hurden 

548;. 

Spare 

removable    steel 

sheaths,  each 

3 

6 

.90 

d 

Hurler 

Intermediate  sizes  charged  as  next  size  above. 

For  reading  temperatures  with  thermometers  540 ;  to  543 ;  use  Millivolt- 
meters  500 ;  or  503 ; ;  with  thermometers  544 ;  to  547 ;  use  Millivoltmeters 
501;  or  504;;  for  continuous  registration  use  Recorders  511; — 513;. 


Fig.  37. 
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Thermo-Electric  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

550  t— 559  t   (Fig.  38). 

SUITABLE   FOR   HIGH-TEMPERATURE   FURNACES,   FLUES,   ETC. 
For  temperatures  up  to  1400"  C.  (2552°  F.). 

Tube  porcelain   throughout,  leads  platinum,  platinum-iridium  or  platinum, 
platinum-rhodium. 
Hard  wood  heads. 

Platinum,  platinum-iridium. 
Length  of  Thermometer 


No. 

ft. 

in. 

mm. 

£     s.     d. 

$ 

Code  Word 

550  1 

1 

1 

330 

2  10    0 

12.20  d 

Hurricane 

551  1 

2 

3 

690 

450 

20.70  d 

Hurri<.T 

552  1 

3 

3 

1000 

5  15    0 

28.00  d 

Hurtful 

553* 

4 

3 

1300 

750 

35.30  d 

Hurtle 

554  1 

5 

0 

1520 

876 

40.80  d 

Huskiness 

555  it 

1 

1 

330 

2  14    6 

13.30  d 

556  t 

2 

3 

690 

4  12    6 

22.50  d 

557  t 

3 

3 

1000 

650 

30.50  d 

558  1 

4 

3 

1300 

7  17    6 

38.40  d 

559;; 

5 

0 

1520 

950 

45.00  d 

Fig.  38. 


Platinum,  platinum-rhodium. 

Hussar 

Hustings 

Hyacinth 

Hyades 

Hybrid 

Intermediate  sizes  charged  as  next  size  above. 

For  reading  temperatures  with  thermometers  550 1  to  554*  use  Millivoltmeters 
500 1  or  503 1 ;  with  thermometers  555 1  to  559 1  use  Millivoltmeters  501 1  or  504 1 : 
for  continuous  registration  use  Recorders  511*  to  513*. 


560  £—571  f  (Fig.  39;. 

SUITABLE   FOR  ANNEALING   FURNACES,   CASE- 
HARDENING   FURNACES,   ETC. 

For  temperatures  up  to  1400°  0.  (2552°  F.). 

Tube  porcelain  throughout,  leads  platinum,  platinum-iridium, 
or  platinum,  platinum-rhodium. 

Cast  iron  head  with  protecting  flange,  terminal  cap  and 
union  for  holding  leads  in  flexible  steel  or  copper  tubing. 

Fitted  with  removable  steel  sheath,  which  should  be  removed 
for  temperatures  above  700°  0.  (1292°  F.).  For  prices  of  spare  steel 
sheaths,  see  p.  18. 

These  thermometers  can  be  supplied  at  the  same  price  without 
the  protecting  terminal  cap,  and  with  thumb  terminals  in  place  of 
the  binding  posts.  See  Head  A,  top  left-hand  of  Fig.  39. 

Platinum,  platinum-iridium. 

Length  of  Thermometer 
below  flange 


No. 

ft. 

in. 

mm. 

£ 

s. 

d. 

1 

I 

Code  Word 

560* 

11 

280 

3 

15 

0 

18.30 

d 

Hydra 

561  * 

1 

4 

400 

4 

10 

0 

22. 

00 

d 

Hydrocele 

562* 

2 

1 

630 

5 

10 

0 

26. 

80 

d 

Hydromel 

563* 

3 

1 

940 

7 

0 

0 

34. 

10 

d 

Implead 

564* 

4 

1 

1240 

8 

10 

0 

41. 

40 

d 

Hydrotic 

565* 

4 

9 

1450 

9 

10 

0 

46. 

30 

d 

Hydras 

Platinum,  platinum-rhodium. 


566* 

0 

11 

280 

3 

19 

6 

19.40 

d 

Hyemal 

567  * 

1 

4 

400 

4 

17 

6 

23.80 

d 

Hygeian 

568* 

2 

1 

630 

6 

2 

6 

29.80 

d 

Hymen 

569* 

3 

1 

940 

8 

0 

0 

39.  CO 

d 

Implex 

570* 

4 

1 

1240 

9 

10 

0 

46.30 

d 

Hymnic 

571* 

4 

9 

1450 

11 

2 

6 

54.20 

d 

Hypnotic 

Fig.  39. 


Intermediate  sizes  charged  as  next  size  above. 

For  reading  temperatures  with  thermometers  560  *  to  565  *  use 
Millivoltmeters  500*  or  503*;  with  thermometers  566*  to  571*  use 
Millivoltmeters  501  *  or  504  * ;  for  continuous  registration  use  Recorders 
511*— 513*. 


Cambridge,  England. 
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Thermo-Electric  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

572  t—  577  t  (Fig.  40). 

SUITABLE   FOR  BOILERS,   STEAM-PIPES,   SUPERHEATERS, 

CONDENSERS,   ETC. 
For  temperatures  up  to  500°  C.  (932°  F.). 

Tube  steel,  leads  either  platinum,  platinum-iridium  or  copper-constantan. 
Cast  iron  head  with  terminal  cap  fitted  with  union  and  nut  to  which  the 
lead  covered  cable  should  be  soldered  ;  screwed  with  f  "  gas  thread  for  screwing  into 
boilers,  steam-pipes,  etc. 

Note.^  These  thermometers  are  only  supplied  with  flange  (as  figured)  when  so 
ordered;  it  is  usually  most  convenient  to  screw  the  thermometer  directly  into  the 
boiler-shell,  or  steam  pipe,  &c. 

Platinum,  platinum-iridium. 

Length  of  Thermometer 
including  screw 


No. 

in. 

mm. 

£     s.     d. 

$ 

Code  Word 

572  * 

4 

100 

200 

9.80  d 

Hypocaust 

573* 

6 

150 

250 

11.00  d 

Hypocrite 

574^ 

8 

200 

2  10    0 

12.20  d 

Hyssop 

Copper-Constantan . 


575  t 

576  t 
577* 
185  £ 


4  100  1  15     0 

6  150  1  17     6 

8  200  200 

Screwed  gun-metal  flange 

for  above          ...         ...  46 

Intermediate  sizes  charged  as  next  size  above. 
For  reading  temperatures  with  thermometers  572  t  to  574  t  use  Millivoltmetera 
500  t  or  503  t ;   for  thermometers   575  t  to  577  t  use  Millivoltmeters  502  t  or  505  t  -f 
for  continuous  registration  use  Kecorders  511 1 — 513 1. 


8.50  d 
9.20  d 
9.80  d 

1.10  d 


Iceberg 

Ichor 

Icteric 

Hobbler 


578  £—579  t  (Fig.  4i). 

SUITABLE   FOR   RESEARCH   WORK,   DETERMINATION   OF   RECALESCENT 

POINTS,   ETC. 

Especially  useful  when  only  a  small  quantity  of  the  substance  to  be 
measured  is  available. 

For  temperatures  up  to  1400°  C.  or  with  porcelain  tube  removed  to  1600°  C. 
Tube  porcelain  throughout,  7  mm.  in  cliam. 

Hard  wood  head  with  simple  device  (not  shown  in  Fig.  41)  for  holding  the  porcelain 
tube  in  order  that  the  tube  may  be  readily  replaced  during  an  experiment. 


No. 
578 1 


Platinum,  platinum-iridium. 

Length  of  Thermometer 
ft.  in.  mm.  £    x.     d. 

1  0  300 


10 


12.20  d 


Code  Word 
Ideally 


Platinum,  platinum-rhodium. 

579 1  1  0  300  2  14     6  13.30  d  Ideate 

For  reading  temperatures  with  thermometer  578 1  use  Millivoltmeters  500 1  or  503  t ; 
for  thermometer  579 1  use  Millivoltmeters  501 1  or  504 1.  For  higher  accuracy  use 
potentiometer  649 1,  p.  46,  with  either  thermometer.  For  continuous  registration  use 
Recorders  511 1— 513  t. 

A  table  giving  the  constants  of  each  thermo-couple  is  supplied. 


Fig.  41. 
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Thermo-Electric  Thermometers. 

Thermometers  shown  in  heavier  type  are  usually  held  in  stock. 

580  t. 

SUITABLE   FOE  JAM   BOILING   OR  ANY    PROCESS   IN   WHICH   IT   IS   ESSENTIAL   THAT   THE 
TEMPERATURE   SHOULD   BE   DETERMINED   RAPIDLY. 

A  copper-constantan  couple  so  designed  that  the  temperature  is  communicated  to  the  junction  extremely 
rapidly.  The  thermometer  and  galvanometer  (see  p.  26)  are  so  responsive  that  under  working  conditions  the 
reading  obtained  at  any  moment  never  lags  by  more  than  a  fraction  of  one  degree  behind  the  true 
temperature  of  the  liquid  in  which  the  thermometer  is  immersed.  The  thermometer  is  generally  fitted  with 
three  yards  of  leads  in  flexible  metallic  tubing. 


No. 
580;! 


Length  of  Thermometer 
ft.        in.         mm. 


3 


1000 


s.     d. 
0    0 


9.80  d 


Code  Word 
Identic 


581 1.    Platinum,  Platinum-Rhodium  Couple  with  table 

of  thermometric  constants,  consisting  of  the  two  wires  only,  0'02"  (0'5  mm.) 
in  diameter       ...         ...         ...         ...         per  foot  (305  mm.) 

582  £.     Platinum,  Platinum-lridium  Couple  with  table 

of  thermometric  constants,  consisting  of  the  two  wires  only,  0'02"  (0'5  mm.) 
in  diameter       ...         ...         ...         ...         per  foot  (305  mm.) 

All  the  prices  of  thermo-electric  thermometers  in  which 
platinum  and  its  alloys  are  employed  are  subject  to  alteration 
without  notice. 

583  t.      Copper-Constantan   Couple   with  table  of  thermo 
metric  constants.     The  couple  is  supplied  in  the  form  of  a  lead-covered 
cable  containing  the  copper  and  coustantan  wires  separately  braided  and 
insulated.    The  lead  covering  can  be  readily  removed  with  the  aid  of  a  pen 
knife  and  the  ends  of  the  wires  soldered  together  ...   per  yard  (915  mm.) 

per  100  yards 


£     s.    d. 


100 


15    0 


$  Code  Word 


4.90  c        Idiom 


3.70  c        Idiotism 


2    0 
7  10    0 


.50  d 
36.50  d 


Idolater 


Switchboards    for   Thermo-Electric   Thermometers 

(see  Fig.  42).  A  bus  bar  to  which  all  the  leads  of  like  polarity  are 
connected  is  shown  at  the  foot  of  Fig.  42,  a  common  wire  being  taken 
from  this  to  the  galvanometer,  thus  reducing  the  length  of  wire  required. 

£    s.     d.  $  Code  Word 

584  t   for  two  thermometers  150  6.10  d        Idolize 


585  t 


four 


586  i    .     six 


1  12     0  7.80  d        Igneous 

1  19    0          9.50  d        Ignify 


3/6  (§.85)   is  charged  for  each   additional  thermometer   connection 
to  586  t. 


Fig.  42. 


Cable  or  leads  for  connecting  thermometers  to  millivoltmeters  or  recorders. 

£     s.     d.  $  Code  Word 

06  .12  d        Ignition 


590  t.      Two-way  spirally  armoured         per  yard 

591  t.       Two-way  in  durable  lead  covering  ...         ...         per  yard 


0     8 


592  t.       Two  way   flexible   cable,   india-rubber  and   double  cotton 

covered        per  yard  0    8 

Tangs  fitted  at  both  ends  for  an  additional  charge  of  4/-  (§1.00). 

For  prices  of  porcelain  tubes,  porcelain  tube  insulators,  mica  washers,  &c.,  see  p.  21. 


.16  d         Indign 


.16  d         Induct 


Cambridge,  England. 
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THERMO-ELECTRIC  THERMOMETER   OUTFITS. 

The    following  are  given   as    showing  the  cost  of  various  useful  combinations  of  thermometers  with  direct 
reading  instruments  (millivoltmeters)  or  recorders. 

It  will  be  understood  that  any  combination  can  be  made  according  to  requirements. 


600  t.       For   General  Test    Work  measurement  of  tempera 
tures  in  furnaces,  billets  of  hot  metal,  etc. 

1  Portable  type  Milli voltmeter,  No.  500  t         

1  Thermometer,  No.  541 Z : 

3  yds.  of  spirally  armoured  flexible  lead  with  tangs,  No.  590 1 


601  t.     For  Steam  Generation — Recording  (see  P.  27). 

1  Quadruple  Recorder,  No.  513  t  

1  Fery  Radiation  Pyrometer,  No.  610 1  (p.  37)  

1  Platinum,  Platinum-iridium  Thermo-electric  Thermometer,  No.  541 1 

2  Copper-Constantan  Thermo-electric  Thermometers,  No.  575  £ 
Hypsometer  for  keeping  the  "cold  junctions"  at  a  constant  tempera 
ture,  No.   667a£  (p.  50)  

Say  20  yds.  of  Copper-constantan  leads,  lead  covered,  No.  583 1    ... 
50yds.  of  spirally  armoured  copper  leads,  No.  590  £ 


602  t.     For    Annealing    Furnaces — Direct    reading, 

the  temperature  of  two  furnaces  being  read  on  one  instrument. 

1  Wall  type  Millivoltmeter,  No.  503  if 

2  Thermometers,  No.  562  £ 

1  Two-way  Switchboard,  No.  584  £ 

10yds.  of  spirally  armoured  flexible  lead,  No.  590  Z 


603  t.     For    Annealing     Furnaces — Recording,    the 

temperatures  of  two  furnaces  being  recorded  on  the  one  instrument. 

1  Double  Thread  Recorder,  No.  512 1 

2  Thermometers,  No.  562£  

10yds.  of  spirally  armoured  flexible  lead,  No.  590 1 


604  t.     For  Jam   Boiling. 

1  Reflecting  galvanometer,  No.  510 a  t    ... 

1  Nernst  lamp  with  projecting  lens  and  mounting,  No.  665 1  (p.  49) 
1  Scale  with  adjustable  boiling  mark  readable  at  a  distance  of  fifty  feet 
1  Thermometer  with  3  yds.  of  lead  in  flexible  tubing,  No.  580 1  ... 
1  Hypsometer  for  maintaining  the  "cold -junction"  at  a  constant 
temperature,  No.  667a£  (p.  50)  


[In  a  factory  it  is  more  convenient  to  maintain  a  hypsometer  always 
boiling  rather  than  to  keep  a  vessel  filled  with  ice;  the  water  in  the 
hypsometer  is  automatically  maintained  at  a  constant  level.  This 
arrangement  has  the  additional  advantage  that  any  alterations  in  the 
boiling  point  of  the  jam  due  to  variations  in  barometric  pressure  are 
corrected  automatically.] 


£    s.     tl. 

$ 

900 

43.90 

5  10    0 

26.80 

5    6 

1.30 

14  15    6 

72.00  d 

50    0    0 

243.50 

15  15    0 

76.70 

5  10    0 

26.80 

3  10    0 

17.00 

3  15    0 

18.30 

200 

9.80 

150 

6.10 

81  15    0 

398.20 

800 

39.00 

11     0    0 

53.50 

150 

6.10 

5    0 

1.25 

20  10    0 

99.85  d 

32  10    0 

158.30 

11     0    0 

53.50 

5    0 

1.25 

43  15    0 

213.05  d 

7  10    0 

36.50 

176 

6.70 

2  10    0 

12.20 

200 

9.80 

3  15    0 

18.25 

17    2    6 

83.45  d 

Code  Word 


Illation 


Illicit 


Illighten 


Illiteral 


Illogical 
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£    s.     d. 


Code  Word 


605  t.  For  Cold  Stores,  the  temperature  of  six  rooms 
being  read  from  the  engine  room. 

1  Wall  type  Millivoltmeter,  No.  505 1 800        39.00 

Say  200  yds.  of  copper-constantan  wire  in  lead  covering,  No.  583  t, 
the  lead  covering  being  removed  and  the  ends  of  the  wires  in  each 
room  being  soldered  together,  thus  forming  the  various  thermo-couples. 

@  £7.  10s.  Od.  per  100yds.        15    0    0        73.00 

1  Ice  vessel  for  keeping  the  cold  junctions  at  a  constant  temperature, 
No.  666* 10°  4-9° 

1  Six- way  Switchboard,  No.  586 1  •••          1  19    0          9.50 

25  19    0      126.40  Lambent 

606 1.  For  Experimental  Work,  study  of  the  melting 
points  of  alloys,  recalescent  points  of  steel,  etc. 

1  Thread  Recorder,  No.  511  *       20    0    0  97.50 

1  Thermometer,  No.  578C 2  10     0  12.20 

1    Ice    vessel    for    maintaining    the    cold    junction    at    a    constant 

temperature,  No.  666  t 100  4.90 

23  10    0  114.60  d        Elude 


Plate  II 


To  face  p.  35. 


Sighting  the  Fery  Radiation  Pyrometer. 


Cambridge,  England. 


35 


F^RY   RADIATION    PYROMETERS 

For  temperatures  from  600°  C.  to  any  higher  limit. 

We  have  been  appointed  the  Sole  Agents  for  the  sale  of  these  Instruments  in  the 

British  Empire,  the  Continent  of  America,  Norway,  Sweden,  Japan  and  China, 

and  Agents  also  for  their  sale  in  Russia. 

In  the  thermometers  previously  described  there  is  some  part— the  sensitive  or  receptive  part— which  is 
made  to  acquire  a  temperature  identical  with  the  temperature  to  be  measured.  In  the  measurement  of 
furnace-temperatures,  for  example,  radiation  pyrometers  are  the  only  pyrometers  which  are  entirely  outside 
the  furnace.  Our  long  experience  as  makers  of  electrical  resistance  and  thermo-electric  thermometers  for 
temperature  measurement  over  a  wide  range  and  under  the  most  varied  conditions,  has  shown  conclusively 
the  accuracy  and  value  of  such  instruments  and  the  economies  to  be  effected  by  their  use ;  at  the  same  time 
the  great  practical  difficulties  to  be  encountered  in  many  cases,  especially  where  temperatures  higher  than 
1200°  C.  are  to  be  measured,  have  convinced  us  of  the  need  for  a  convenient  and  reliable  form  of  radiation 
pyrometer.  As  is  well  known,  it  is  difficult  to  construct  anything  of  solid  material  which  can  be  maintained 
for  prolonged  periods  at  a  high  temperature  without  suffering  some  permanent  or  sub-permanent  change 
in  its  physical  properties,  and  as  we  ascend  higher  in  the  temperature  scale,  the  difficulties  increase  in  a 
quite  disproportionate  degree. 

A  further  aggravation  of  the  trouble  is  to  be  found  in  the  chemical  activities  of  furnace  products  and 
furnace  gases,  which  in  some  cases  render  difficult  the  adequate  protection  of  the  resistance-wire  or  thermo 
couple. 

With  the  radiation  pyrometers  invented  by  M.  Fe"ry,  Professor  of  Physics  at  the  £cole  de  Physique  et  de 
Chimie,  Paris,  these  difficulties  are  not  encountered,  the  instruments  being  of  course  placed  at  some  distance 
from  the  furnace,  while  no  part  of  them  is  raised  above  the  air  temperature  by  more  than  80  Centigrade 
degrees. 

The  radiation  which  emanates  from  a  hot  body,  or  which  passes  out  through  an  observation  hole  in  the 
wall  of  a  furnace,  falls  upon  a  concave  mirror  and  is  thus  brought  to  a  focus.  In  this  focus  is  a  thermo 
electric  couple,  whose  temperature  is  raised  by  the  radiation  falling  upon  it :  the  hotter  the  furnace,  the 
greater  the  rise  of  temperature  of  the  couple. 


Fig.  43. 
Fery  Radiation  Pyrometer  Telescope. 


INSTRUMENT  C!  LT?  '• 

B  A 

Fig.  44. 

Fe"ry  Eadiation  Pyrometer  showing  diaphragm  for 
reducing  aperture  of  telescope. 


The  arrangement  of  the  instruments  is  such  that  they  are  uninfluenced,  within  wide  limits,  by 
the  size  of  the  hot  body  or  observation  hole  on  the  one  hand,  or  on  the  other  hand  by  the  distance 
which  separates  them  from  the  hot  body  or  furnace.  This  point  is  dealt  with  very  fully  on  p.  54  under 
"General  Considerations  of  the  Fe"ry  Radiation  Pyrometer." 

The  absorption  of  some  small  amount  of  radiant  heat  in  passing  through  the  atmosphere  cannot,  of 
course,  be  strictly  without  effect;  but  in  practice  the  error  thus  arising  is  not  appreciable;  it  has  been 
found,  for  example,  that  the  reading  obtained  for  the  temperature  of  a  stream  of  molten  steel  was 
precisely  the  same— 1200°  C.— whether  the  instrument  was  set  up  3  ft.  (1  metre)  or  60  ft.  (20  metres) 
away. 

The  complete  outfit  consists  of  a  telescope  and  galvanometer  (see  Plate  II.) ;  fixed  within  the  telescope,  at  a 
point  upon  its  optic  axis,  is  the  junction  of  a  copper-constantan  thermo-couple  arranged  in  the  form  of  a  cross. 
The  two  wires  are  attached  to  two  brass  strips  D  and  R  which  are  attached  to  the  terminals  66',  Fig.  43. 

5—2 
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The  terminals  are  connected  by  leads  to  the  galvanometer  as  shown  in  Plate  II.  To  use  this  apparatus  for 
measuring  the  temperature  of  a  furnace,  an  observation  hole  in  the  wall  of  the  furnace  is  sighted  through  the 
eyepiece  0,  the  image  of  this  hole  being  brought  into  coincidence  with  the  thermo-junction.  It  is  essential 
that  the  image  of  the  observation  hole  should  slightly  overlap  the  junction  which  appears  to  the  eye 
as  a  black  disc  in  the  centre  of  the  field  of  view  (see  also  p.  55).  The  readings  of  the  instrument  are 
then  independent  of  the  size  of  the  observation  hole.  The  image  of  the  hole  is  reflected  to  the  eyepiece  0 
by  two  mirrors  placed  close  to  the  couple.  These  mirrors  serve  for  the  adjustment  of  focus  ;  they  are  so 
arranged  that  the  image  of  the  hole  appears  to  be  split  into  two  parts,  which  only  coincide  when  the 
focussing  is  correct.  The  image  thus  formed  upon  the  junction  produces  a  rise  of  temperature  which  is 
shown  experimentally  to  be  proportional  to  the  amount  of  radiant  energy  which  enters  the  telescope.  The 
junction  acquires  exactly,  and  with  great  rapidity,  the  temperature  of  the  image,  but  in  no  case  does  its 
temperature  rise  by  more  than  80  Centigrade  degrees  above  the  atmospheric  temperature.  The  electro-motive 
force  which  is  thus  generated  is  measured  by  a  highly  sensitive  galvanometer  whose  scale  is  divided  and  figured 
so  as  to  read  temperatures  directly. 

'  An  adjustable  diaphragm  (see  Fig.  44)  is  fitted  in  front  of  the  telescope  in  order  that  the  amount  of 
radiation  falling  on  the  thermo-couple  may  be  varied.  When  measuring  high  temperatures  the  diaphragm 
partially  covers  the  aperture  of  the  telescope  (see  Fig.  44  B)  and  the  temperatures  read  directly  on  the  second 
scale  of  the  galvanometer.  The  two  temperature  scales  ordinarily  divided  on  the  galvanometer  are  approxi 
mately  600°  to  1300°  C.  and  1000°  to  2000°  C. 

For  Direct  Beading  a  Mey Ian -D' Arson val  Galvanometer  (Fig.  45)  is  employed,  the  instrument  being 
divided  in  millivolts  and  on  the  Centigrade  Scale. 

For  Recording  the  Thread  Recorder  (see  p.  25)  is  used,  the  record  sheet  reproduced  in  Fig.  2,  Plate  III. 
having  been  obtained  with  a  Fery  Pyrometer  and  Thread  Eecorder. 

The  arrangement  shown  in  Fig.  9  is  frequently  used  in  taking  furnace  and  kiln  temperatures  by 
means  of  the  Fery  Pyrometer,  the  conditions  are  almost  those  of  a  truly  black  body  (see  p.  55)  and 
the  temperature  of  the  furnace  may  be  measured  without  the  admission  of  cold  air.  Since  the  energy 
radiated  from  a  hot  body  increases  very  rapidly  as  the  temperature  is  raised,  it  follows  that  the  Fery 
pyrometer  is  far  more  sensitive  at  high  than  at  low  temperatures.  Temperatures  as  low  as  600°  C.  can 
be  read,  but  the  instrument  is  most  useful  for  high  temperature  work.  As  examples  of  high  tempera 
ture  measurements  made  with  the  Fe"ry  pyrometer,  we  may  mention  that  the  temperature  of  the 
sun  (7800°  C.)  was  determined  by  Professor  Fe"ry,  as  well  as  the  temperature  of  the  iron  in  a 
thermit  mould,  which  was  found  to  be  2500°  C.  The  instrument  is  thus  of  especial  value  for  taking 
such  high  temperatures  as  those  of  molten  steel,  of  gas  settings,  of  glass  furnaces,  brick  kilns,  and  electric 
furnaces.  Its  great  flexibility,  and  the  readiness  with  which  it  is  sighted,  enable  it  to  be  used  for 
taking  the  temperature  of  metal  in  a  crucible  just  before  pouring,  thus  ensuring  correct  castin  g  temperatures, 
a  point  which  is  now  known  to  be  of  especial  importance  in  the  case  of  steel  castings,  see  p.  7,  "Foundry 
Practice."  Fig.  46  shows  the  complete  instrument  with  tripod,  etc.  in  its  travelling  case,  see  Outfit  620  Z,  p.  37. 


Fig.  45. 
Meylan-D'Arsonval  Galvanometer,  No.  611 1. 


Fig.  46. 
Fery  Radiation  Pyrometer  Outfit,  No.  620  (. 
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PRICES. 

610  t.       Pyrometer  with  adjustable  diaphragm        

61 1  £.       Meylan-d'Arsonval  galvanometer  (direct  reading  on  Centi 
grade  scale)  with  self-levelling  arrangement 

Unless  otherwise  ordered,  the  galvanometer  will  be  furnished  with 
two  direct  reading  temperature  scales;  one  from  700°  to  1300° C.,  the 
other  from  1000°  to  2000°  C.  Only  Centigrade  scales  can  be  supplied. 

61 '2  t.      Telescopic  tripod  stand  for  pyrometer        

613  t.       Leads  (10  metres  long)  

6 1 4  £.       Travelling  box  for  pyrometer,  galvanometer  and  tripod  stand 


£     «.     d. 
15  15    0 

850 


126 

8    0 

1  12    6 


76.70  c 
40.25  c 


5.50  c 
2.00  c 
8.00  c 


Code  Word 
Hector 


Headship 
Headgear 
Headman 


FERY   RADIATION    PYROMETER    OUTFITS. 

620  t.       FOP  General  Testing,  temperature  of  molten  metal, 
combustion  furnaces,  etc.     (Temperature-range  600°  to  1300°  C.   and 
1000"  to  2000°  C.,  unless  otherwise  ordered.) 

Pyrometer  and  Galvanometer  with  self-levelling  arrangement,  with 
certificate,  leads  33  feet  (10  metres)  long  with  tripod  stand  for 
pyrometer  in  case  complete  (Fig.  46)  weighing  altogether  6  kilos 
(13  Ibs.) 27  3  0  132.40  c  Hanaper 

621  t.       For    Recording,    temperature   of  furnaces,   brick  and 
porcelain  kilns,  etc. 

1  Fery  Radiation  Pyrometer         ...  15  15 
1  Closed  fireclay  tube  4ft.  long  (per  ft.  4/6)  ... 
Iron  bracket  with  adjustments    for    holding   Pyrometer  with    pro 
tecting  cover  as  illustrated  in  Fig.   9             ...          

1  Thread  Recorder,  No.  51U        

33  ft.  (10  metres)  Spirally  armoured  lead  for  connecting  Pyrometer 
to  Thread  Recorder  


4 
20 


18 

0 
0 


5    6 


76.70 
4.40 

19.50 
97.50 

1.30 


40  18    6      199.40  c 


Illume 


THE    F^RY    ABSORPTION    PYROMETER. 

This  instrument  (Fig.  47)  which  is  an  improved  form  of  the  original  Optical  Pyrometer  of  Le  Chatelier 
has  been  found  very  useful  for  measuring  the  temperature  of  incandescent  filaments  and  other  extremely 
hot  but  small  bodies.  It  can  be  used  successfully  where  it  would  be  impossible  to  use  the  Fery  Radiation 


Fig.  47. 
Fery  Absorption  Pyrometer. 


Fig.  48. 
Diagrammatic  arrangement  of  Fery  Absorption  Pyrometer. 


B 


Fig.  48  a. 
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Pyrometer.  It  consists  essentially  of  a  telescope  (D,  B,  Fig.  48)  which  carries  a  small  comparison-lamp  (E) 
attached  laterally.  The  image  of  the  flame  of  this  lamp  is  projected  on  a  mirror  (F)  at  45°  placed  at  the 
principal  focus  of  the  telescope,  the  mirror  being  silvered  only  over  a  narrow  vertical  strip  (a,  b,  Fig.  48  a). 
The  telescope  is  focussed  on  the  object  the  temperature  of  which  it  is  desired  to  measure,  the  object  being 
viewed  on  either  side  of  the  silvered  strip.  A  pair  of  absorbing-glass  wedges  (C  and  Cj)  are  placed  in 
front  of  the  objective  of  the  telescope  and  these  wedges  are  moved  laterally  by  means  of  a  micrometer  screw 
until  the  light  from  the  object  under  observation  is  made  photometrically  equal  to  that  emitted  by  the 
standard  lamp.  An  auxiliary  dark  glass  (D)  is  also  fitted  to  enable  the  instrument  to  work  over  a  higher 
range  of  temperature.  A  table  provided  with  the  instrument  converts  the  readings  obtained  by  the  scale  and 
micrometer  into  degrees  Centigrade.  Fig.  48  a  shows  the  telescope  focussed  on  a  small  crucible,  the  narrow 
.silvered  vertical  strip  being  clearly  shown. 

£    s.     d.  $  CodeWord 

625  £.      Fery  Absorption  Pyrometer  with  comparison  lamp  complete        16  10     0         00.00  f>         Illusion 


ELECTRICAL    RESISTANCE    FURNACES. 

These  small  furnaces  (Fig.  49)  are  designed  for  experimental  and  testing  work,  and  are  especially  suitable 
for  obtaining  the  "  recalescent  points "  of  steel,  when 
used  in  conjunction  with  a  resistance  thermometer 
and  a  Callendar  Recorder  or  a  thermo-electric  ther 
mometer  and  Thread  Recorder.  The  heat  is  developed 
in  a  thin  strip  of  platinum  foil  which  forms  a  close 
winding  upon  the  outside  of  a  porcelain  cylinder,  the 
inside  diameter  of  this  cylinder  being  about  1^  inches 
(40  mm.).  Outside  the  platinum  foil  winding  is  a 
very  thick  lagging  of  asbestos,  and  the  ends  of  the 
porcelain  cylinder  can  also  be  plugged  with  asbestos 
if  desired,  so  that  the  loss  of  heat  is  extremely  small. 
Thus  but  a  small  current-consumption  is  required 
to  maintain  a  high  temperature  within  the  porcelain 
tube,  the  maximum  temperature  for  which  the  furnace 
is  designed  being  1400°  C.  (2552°  F.)  while  the 
maximum  number  of  watts  when  working  up  to  any 
desired  temperature  is  about  3000. 

To  examine  the  recalescence  of  any  given  grade 
of  steel,  a  test-piece  may  be  prepared  of  cylindrical 
form  and  with  a  hole  drilled  most  of  the  way  up  Fig.  49. 

it  of  sufficient  diameter  to  accommodate  the  porcelain 

tube  of  the  thermometer.  This  piece  is  then  placed  about  centrally  in  the  porcelain  tube  of  the  furnace,  the 
thermometer  being  inserted  as  far  as  possible  in  the  hole  in  the  test-piece,  while  its  head  projects  outside  the 
furnace,  as  indicated  in  Fig.  49.  Asbestos  plugs  can  be  used  to  stop  the  outer  ends  of  the  porcelain  furnace- 
tube.  The  current  is  first  allowed  to  heat  up  the  furnace  and  its  contents  until  the  Recorder  shows  that  the 
recalescence  temperature  has  been  passed  ;  then  the  current  is  switched  off  or  reduced  and  the  furnace  allowed 
to  cool  down,  the  temperature-curve  being  still  registered  by  the  Recorder.  In  this  way  records  such  as 
those  in  Fig.  3,  Plate  III.  are  obtained.  When  ordering  state  the  voltage  of  the  circuit  on  which  the 
furnace  is  to  be  employed.  Regulating  resistances  are  also  made  for  use  with  these  furnaces. 


PRICES   OF   ELECTRICAL   RESISTANCE   FURNACES   AND 
REGULATING    RESISTANCES. 

Furnace.  Regulating  Resistance. 

Horizontal  tube  pattern,  inside  diameter  of  porcelain  cylinder  40  mm. 
Length  of     Length  of 
porcelain        covered 

cylinder         portion  Code  Code 

mm.  mm.          Watts       £       $.     d.  $  Word  No.  £    ,«.     d.  $  Word 

260  £  600  600  4200       11     15     0       57.22       Jealous        263  t        8  15     0       42.606     Imagery 


262  t 


300 


300 


2600         7     15     0      37.74       Jennet          265  t        4  10     0       22.006     Imbank 
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LIST   OF   USERS   OF   ELECTRICAL   TEMPERATURE   MEASURING   APPLIANCES 
DESCRIBED   IN   THE   FOREGOING    PAGES. 

The  following  is  not  to  be  regarded  as  a  complete  List  of  Users,  but  as  giving  evidence  of  the  number 
and  importance  of  the  Firms  and  Institutions  to  whom  outfits  have  been  supplied. 

The  letters  « R"  and  "FP"  prefixed  to  a  name  indicate  that  a  Callendar  Electrical  Recorder  and  Fery 
Pyrometer  respectively  are  employed,  the  number  following  the  letters  showing  the  number  of  these  instru 
ments  used  by  the  firm. 


Alkali  and  Chemical  Works. 

Albright  &  Wilson,  Ltd.,  Oldbury. 
Birmingham     Battery     &     Metal     Co.,     Ltd., 

Birmingham. 

Bischofs  White  Lead  Synd.,  Ltd.,  London. 
R.FP.  Brunner,  Mond  &  Co.,  Ltd.,  Northwich. 

Castner  Kellner  Alkali  Co.,  Ltd.,  Runcorn. 
Chemicals  Proprietary  Co.,  Ltd.,  London. 
Locke,  Lancaster,  Johnson  &  Sons,  London. 
Mond  Nickel  Co.,  Ltd.,  Clydach,  Glam. 
Oldbury  Alkali  Co.,  Ltd.,  Oldbury. 
Reckitt  &  Sons,  Hull. 
R.  Solvay  Process  Co.,  Syracuse,  U.S.A. 
United  Alkali  Co.,  Ltd.,  Widnes. 
Voss,  W.  &  Co.,  Ltd.,  Millwall. 

Annealing  and  Hardening  Furnaces. 

American  Steel  and  Wire  Co.,  Waukegan,  U.S.A. 

Birmingham  Small  Arms  Co.,  Ltd. 
R.  Brayshaw,  S.  N.,  Manchester. 
R.  British  United  Shoe  Machinery  Co.,  Leicester. 
R.  Brooks  &  Doxey,  Ltd.,  Manchester. 

Crossley  Bros.,  Ltd.,  Manchester. 

Daimler  Motor  Co.,  Ltd.,  Coventry. 

Fletcher,  Russell  &  Co.,  Warrington. 

Great  Western  Railway  Co.,  Swindon. 

Greenwood  &  Batley,  Ltd.,  Leeds. 
R.  Guest,  Keen  &  Nettlefolds,  Ltd.,  Birmingham. 

Herbert,  Alfred,  Ltd.,  Coventr}\ 

Hickman,  Alfred,  Ltd.,  Wolverhampton. 

Hoffmann  Manufacturing  Co.,  Chelmsford. 
R.  Jenks  &  Cattell,  Wolverhampton. 
R.  Kenrick,  Archibald  &  Sons,  West  Bromwich. 

Leeds  Forge  Co.,  Ltd.,  Leeds. 
R.  Loewe,  Ludw.  &  Co.,  Berlin. 
R.5  Lysaght,  Ltd.,  Newport,  Mon. 

Morgan  Crucible  Co.,  Ltd.,  Battersea. 

Napier,  D.  &  Son,  Acton. 
R.  Newall  Engineering  Co.,  Ltd.,  Warrington. 
R.  Parbury,  Henty  &  Co.,  London. 
R.  Parsons,  C.  A.  &  Co.,  Newcastle-on-Tyne. 

Patent  Shaft  and  Axletree  Co.,  Ltd.,  Wednesbury. 

Patent     Axle    Box    and    Foundry    Co.,     Ltd., 

Wednesfield. 

R.  Platt  Bros.,  Ltd.,  Oldham. 
R.  Roc  Steel  Castings  Co.,  West  Dray  ton. 
R.7  Sankey,  J.  &  Sons,  Ltd.,  Bilston 

and  Wolverhampton. 

Societe  Alsacienne  de  Constructions  Mecaniques, 
Mulhouse. 


Steel,  J.  &  Sons,  Harden  Spring  Works,  nr  Bingley. 
R.FP.  Tweedales  &  Smalley,  Ltd.,  Manchester. 

United  States  Metallic  Packing  Co.,  Bradford. 
R.   Waterhouse,  J.  C.,  Crucible  Works,  Wakefield. 

Westinghouse  Brake  Co.,  Ltd.,  London. 
R.  Wilson  Bros.  Bobbin  Co.,  Ltd.,  Garston,  Liverpool. 

Arsenals  and  Shipbuilding  Yards. 
H.M.  Admiralty.     (Naval  Boilers'  Committee.) 
»  >,  Royal  Dockyards,  Chatham, 

Devonport,  Portsmouth,  Sheerness. 
R.FP.3  Royal  Arsenal,  Woolwich. 

FP.  Royal  Small  Arms  Factory,  Enfield. 
FP.  Imperial  Japanese  Navy. 
R.  Harland  &  Wolff",  Ltd.,  Belfast. 

Coal  Gas  and  Producer  Gas  Plants. 
FP.  Cambridge  University  &  Town  Gas  Works. 
R.  Corporation  Gas  Works,  Burnley. 
R-  )>  „  Dunedin,  N.Z. 

j)  ,.  Manchester. 

FP.  „  „  Southport. 

Gas  Light  and  Coke  Co.,  London. 
Power  Gas  Corporation,  Ltd.,  London. 
R.  South  Metropolitan  Gas  Co.,  Ltd.,  London. 
South  Staffordshire  Mond  Gas  Co.,  Ltd.,  Tipton. 

Cold  Stores. 

Cardiff  Pure  Ice  and  Cold  Storage  Co.,  Ltd. 
R.2  Chivers,  S.  &  Sons,  Ltd.,  Histon,  Cambridge. 
R.  Co-operative  Wholesale  Society,  Ltd.,  Tralee. 
Savoy  Hotel,  Ltd.,  London. 
Shaw,  Geo.  &  Sons,  Ltd.,  Leigh  Brewery,  Leigh. 

Collieries  and  Mines. 

Asiatic  Petroleum  Co. 

Broken  Hill  Proprietary  Co.,  Ltd.,  N.S.W. 

Cape  Copper  Co.,  Swansea. 
FP.  Cassel  Gold  Extracting  Co.,  Ltd.,  Glasgow. 

De  Beers  Consolidated  Mines,  Ltd.,  Kimberley. 
R.2  Kleinfontein  Mines,  Transvaal,  S.A. 

R.  Mt  Morgan  Gold  Mining  Co.,  Ltd.,  Queensland. 
R.3  Pennsylvania,    New    York     and    Long     Island 

Railway  Co.,  New  York. 
FP.  Powell  Duffryn  Steam  Coal  Co.,  Ltd.,  Bargoed. 

Priestman  Collieries,  Ltd.,  Blaydon-on-Tyue. 

Dust  Destructor  Works. 
R.  Corporation  Works,  Hounslow. 


R. 
R. 


Nelson,  Lanes. 
Blackpool. 
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R.FP.  Heenan  &  Froude,  Ltd.,  Manchester. 
Horsfall  Furnace  Synd.,  Ltd.,  Leeds. 

Glass  Works. 

FP.  Chance  Bros.  &  Co.,  Ltd.,  Birmingham. 
Pilkington  Bros.,  Ltd.,  St  Helens. 

Iron  and  Steel  Works. 

Allen,  Edgar  &  Co.,  Ltd.,  Sheffield. 
Andrew,  J.  H.  &  Co.,  Ltd.,  Sheffield. 
R.  Appleby  Iron  Co.,  Ltd.,  Frodingham. 
R.  Baldwin's  Ltd.  Wilden  Iron  Works,  Stourport. 
R.  Beesley  &  Co.,  Ltd.,  Sheffield. 
FP.  Bolckow,  Vaughan  &  Co.,  Ltd.,  Middlesbrough. 

R.  Bowesfield  Steel  Co.,  Ltd.,  Stockton-on-Tees. 
FP.  Brown,  John  &  Co.,  Ltd.,  Sheffield. 

Cammell,  Laird  &  Co.,  Ltd.,  Sheffield. 
R4.FP.  Cargo  Fleet  Iron  Co.,  Ltd.,  Middlesbrough. 

R.  Carnforth  Iron  Co.,  Ltd.,  Carnforth. 
R.FP.  Colville,  D.  &  Sons,  Ltd.,  Motherwell. 

R.  Corbyns  Hall  Iron  and  Steel  Works,  Pensnett. 

Crucible  Steel  Co.,  Syracuse,  U.S.A. 
R.  Farnley  Iron  Co.,  Ltd.,  Leeds. 
FP.  Firth,  Thos.  &  Sons,  Ltd.,  Sheffield. 
R.2  Frodingham  Iron  and  Steel  Co. 
R.2  Hickman,  Alfred,  Ltd.,  Wolverhampton. 
R.  Islip  Iron  Co.,  Thrapston. 

Jessop,  Wm.  &  Sons,  Ltd.,  Sheffield. 
Johnson,  R.  &  Nephew,  Manchester. 
R.  North  Lincolnshire  Iron  Co.,  Scunthorpe. 

Osborne,  S.  &  Co.,  Ltd.,  Sheffield. 
R.2  Parkgate  Iron  and  Steel  Works,  Rotherham. 
R.2  Redbourn  Hill  Iron  Co.,  Ltd.,  Frodingham. 

R.  Phipps'  Exors,  Northampton. 
FP.  Seaton  Carew  Iron  Co.,  Ltd.,  West  Hartlepool. 

Seebohm  &  Dieckstahl,  Sheffield. 
FP.  Standard  Steel  Works,  U.S.A. 
R.2  Stan  ton  Iron  W^orks,  Nottingham. 
FP.  Steel,  Peech  &  Tozer,  Ltd.,  Sheffield. 
R.  Vickers,  Sons,  &  Maxim,  Ltd.,  Sheffield. 
R.  Wellingboro'  Iron  Co.,  Wellingboro'. 

Melting  Points  of  Alloys. 

R.  C.  T.  Heycock,  Esq.,  F.R.S.,  and  F.  H.  Neville, 

Esq.,  F.R.S.,  Cambridge. 

FP.  New  Jersey  Zinc  Co.,  New  York,   U.S.A. 
FP.  Royal  Mint,  London. 
„          ,,       Bombay. 
„          „       Calcutta. 
R.       „          „       Utrecht. 

Observatories. 

R.  Government  Observatory,  Colaba,  Bombay. 

R.  „  ,,  Madras. 

R.  „  „  Perth,  W.  Australia. 

R.  Meteorological  Dept.,  Calcutta. 
R.2  „  „       Transvaal. 

R.  „  Office,  London. 

R.  Cambridge  Observatory. 

Radcliffe  Observatory,  Oxford. 

R.  Royal  Observatory,  Cape  of  Good  Hope. 
R.4  Survey  Dept.,  Cairo. 


R.  United    States   Weather    Bureau,    Washington, 

B.C.,  U.S.A. 
R.  Mt  Wilson  Solar  Observatory,   Pasadena,  Cal., 

U.S.A. 

Research  and  Educational  Work. 

Bedford  College,  London. 

R.  Berkeley,  The  Earl  of,  Foxcombe,  nr  Oxford. 
R.2  Board  of  Education,  S.  Kensington. 
Borough  Polytechnic,  London. 
Blount,  B.,  Esq.,  London. 
R.FP.  Bureau  of  Standards,  Washington,  B.C.,  U.S.A. 

Burstall  &  Monkhouse,  London. 
R.  City  and  Guilds  of  London  Institute. 
Cornell  University,  Ithaca,  N.Y.,  U.S.A. 
Davy  Faraday  Research  Laboratory,  London. 
R.  Electrical  Testing  Laboratories,  New  York. 
R.  Engineering  Laboratory,  The  Univ.,  Birmingham 
R.  „  „  Univ.  College,  Bristol. 

,,  „  The  Univ.,  Cambridge. 

„  „  „         „        Edinburgh. 

„  „  „         „        Liverpool. 

„  „  „         „        London. 

R.  „  „  King's  College,  London. 

„  „  The  Univ.,  Nottingham. 

R.  „  „  „         „       Sheffield. 

R.  „  „  Sydney,  N.S.W. 

„  „  Toronto. 

R.  Eyk,  Prof,  van,  Amsterdam. 
R.  Government  Biologist,  Cape  Town. 

Glasgow  and  West  of  Scotland  Technical  College. 
Harvard  University,  Cambridge,  Mass. 
R.  Hele-Shaw,  Prof.  H.  S. 
R.  Jones,  Prof.  R.  LI.,  Madras. 
R.  McGill  University,  Montreal,  Canada. 
Kennedy  &  Jenkin,  London. 
Merchant  Venturers'  Technical  Coll.,  Bristol. 
R.  Municipal  Technical  School,  Birmingham. 

„  „  „         Liverpool. 

R.         ,,  „  „         Manchester. 

National  Antarctic  Expedition. 
R.   National    Physical    Laboratory,    Bushy   House, 

Teddington. 
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PLATE    III. 


Fig.  1. 


Record  of  the  Temperature  in  a  Hot  Air  Main, 
obtained  with  a  Resistance  Thermometer  and  Callendar  Patent  Recorder. 

(Reproduced  by  tke  kind  permission  of  the  Carnfortk  Hematite  fron  Co.,  LUiJ 


Fig.  2. 


Record  of  the  Temperature  of  a  Pottery  "Biscuit'    Kiln, 
obtained  with  a  Fery   Radiation  Pyrometer  and  Patent  Thread  Recorder. 

(Reproduced  by  tke.  kind  permission  of  ti  large  farm  of  Pottery  Manufacturers.) 


Fig.  3. 
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Recaleacence  Point  obtained  with  a  Platinum  — Platinum  Rhodium  Couple  and  Patent  Thread  Recorder. 
(The  Couple  was  placed   in  a  block  of  Steel,  heated  in  a  small  Gas  Muffle.) 
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THERMOMETRY    AS    APPLIED    TO    TEACHING 
AND   SCIENTIFIC   WORK. 

The  Apparatus  described  in  the  first  part  of  this  list  is  primarily  intended  for  Com 
mercial  Work.  More  accurate  and  delicate  measuring  instruments,  bridges,  galvanometers,  etc. 
are  required  if  work  of  high  scientific  accuracy  is  to  be  carried  out. 

In  the  following  pages  we  suggest  some  of  the  instruments  that  might  be  found  useful 
for  research  or  laboratory  work. 


Resistance  Thermometers  more  especially  for  use  in  Laboratories. 


630  t.  Platinum  bulb  in  Jena  glass  Tube  33  cm.  long,  12  mm.  in 
diameter,  with  copper  leads,  resistance  in  ice  approximately  2'8  ohms, 
F.  I.  1  ohm,  suitable  for  temperatures  up  to  300°  C.  (Fig.  50)  ... 


£    s.    d. 


200 


Code  Word 


9.80  c 


Fig.  50. 


Fig.  51. 


631  t.  Platinum  bulb  in  porcelain  Tube,  33  cm.  long,  14  mm.  in 
diameter,  with  copper  leads,  resistance  in  ice  approximately  2 -8  ohms, 
F.  I.  1  ohm,  for  temperatures  up  to  500°  C.  (very  similar  to  Fig.  50)  ... 

6  3 '2  t.  Platinum  bulb  in  Porcelain  Tube,  33  cm.  long,  14  mm.  in 
diameter,  with  platinum  leads,  resistance  in  ice  approximately  2 '8  ohms, 
F.  I.  1  ohrn,  for  measuring  temperatures  up  to  1200°  C.  (Fig.  24,  p.  17) 


Fig.  52. 


2     7     6         11.60  c         Imbathe 


4  10     0        22.00  d 
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£    s.     d. 


Code  Word 


500        24.40  d        Imbibe 


4  15     0        23.20  d 


Imbitter 


633  t.       Platinum  bulb  in  porcelain  Tube,  40  cm.  long,  12  mm.  in 
diameter,  with  platinum  leads,  resistance  in  ice  approximately  2-8  ohms, 
F.   I.   1   ohm,   with   platinum   leads   throughout.      This   thermometer   is 
fitted   with   a   simple   device    for  holding    the   porcelain    tube    in    order 
that  the  tube  may  be  readily  replaced  (Fig.  51) 

This   pattern   has   been   employed   by  Messrs  Heycock  and  Neville 
in  their  investigations  on  the  melting  point  of  metals. 

634  t.       Platinum  bulb  in  porcelain  Tube,  30  cm.  long,  7  mm.  in 
diameter,  resistance  in  ice  approximately  2'8  ohms,  F.  I.  1  ohm.    Specially 
designed  for  measuring  the  temperature  of  small  quantities  of  a  substance 
(Fig.  52)      

To  reduce  thermo-electric  effects  and  to  secure  good  contacts  small  copper  cups  can  be  fitted  in  place  of 
terminals  on  the  head  of  thermometers,  Nos.  632  t — 634  £,  the  leads  being  attached  to  the  cups  by  means 
of  a  fusible  alloy.  Extra,  including  sufficient  alloy,  15/-.  Cups  for  this  purpose  are  shown  in  Fig.  53. 

If  desired  the  resistance  coil  ("the  bulb")  of  any  of  the  above  thermometers  will  be  made  from  platinum 
wire  drawn  from  the  same  melting  as  that  selected  by  the  British  Association  Committee  for  the  manufacture 
of  Standard  Platinum  Thermometers  at  an  extra  charge  of  5/-. 

Special  thermometers.  We  have  constructed  many  thermometers  of  various  kinds  for  particular 
researches  and  we  shall  be  glad  at  any  time  to  submit  proposals  for  new  thermometers.  Amongst  these 
special  thermometers  we  may  mention  a  set  of  Standards  constructed  for  the  Bureau 
of  Standards,  Washington.  We  will  briefly  mention  the  points  in  one  of  these  ther 
mometers  (Fig.  53). 

The  leads  were  made  of  especially  pure  platinum,  a  fine  piece  of  wire  of  the  same 
gauge  and  material  as  the  bulb  wire  being  introduced  across  the  compensating  leads  to 
correct  for  thermal  conduction  along  the  leads.  The  leads  were  brought  through  the 
head  of  the  thermometer  and  connected  to  copper  cups,  the  latter  being  surrounded 
by  a  heavy  copper  tube  in  order  to  prevent  unequal  heating  of  the  cups.  The  bulb 
wire  was  made  of  the  special  B.A.  wire  previously  referred  to. 

The  porcelain  protecting  tube  was  held  firmly  in  the  head  of  the  thermometer  by 
means  of  a  simple  clamping  device  in  order  that  the  tube  could  be  readily  replaced, 
a  drying  tube  being  fitted  so  that  the  thermometer  could  be  washed  out  with  dry  air. 

A  certificate  giving  the  various  data  necessary  for  the  measurement  of  tempera 
ture  with  any  particular  thermometer  is  sent  out  with  a  laboratory  type  ther 
mometer. 

For  accurate  work  we  prefer  to  send  thermometers  to  the  National  Physical 
Laboratory  for  the  determination  of  their  constants,  the  Certificate  being  charged  at  cost 
price. 


Drying  Tube 


,4  Platinum  Leads 


Fig.  53. 


CALLENDAR    AND    GRIFFITHS'    SELF-TESTING    BRIDGES. 

These  bridges  have  been  designed  for  accurate  resistance  thermometer  measurements; 
by  their  means  it  is  possible  to  measure  temperatures  under  1200°  C.  to  a  very  high 
degree  of  accuracy. 

The  following  are  some  of  the  advantages  of  these  bridges: — 

The  observer  can  at  any  time  ascertain  the  exact  comparative  error  of  all  the  coils. 
Resistances   less  than  0-05  ohm   are   determined   by   the   bridge  wire   of  which  an 

accurate  calibration  can  at  any  time  be  performed  by  means  of  the  box  itself. 
The    resistance    of   the    leads    connecting    the    thermometer   to    the  bridge   is   self- 
eliminated. 

The  binary   scale   is   adopted,    thus    the    observer    has    the    power    of   testing    the 
coils,    for    each    should    differ    by    a    fixed    quantity    from    the    sum    of    those 
-  beneath  it. 

If  desired  these  bridges  are  fitted  with  Collins'  Patent  Mercury  Contacts.  These  contacts  combine  the 
advantages  of  both  plug  and  mercury  contacts  without  their  disadvantages.  The  act  of  inserting  the  heavy 
plug  D  (Fig.  54)  depresses  the  spring  A  forcing  the  copper  link  B  into  the  mercury  cups  C  and  C2.  By  its 
•construction  an  efficient  contact  is  made  between  the  ends  of  the  link  and  the  bottom  of  the  cups.  When  the 
plug  D  is  removed  the  spring  lifts  the  link  out  of  the  mercury  cups  and  the  small  plate  E  is  lifted  by  the 
helical  spring  F  against  the  opening  G— thus  preventing  dust  from  entering  the  box.  By  a  simple  device  the 
ends  of  the  link  are  kept  well  amalgamated.  The  cover  of  the  box  is  so  arranged  that  with  the  most 
ordinary  care  it  is  impossible  for  the  mercury  to  escape. 
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Fig.  54. 
Collins'  Patent  Mercury  Contacts. 


Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  I.     Designed  for  teaching  the  prin 
ciples  of  resistance  thermometry. 


Fig.  55. 
Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  I.,  with  galvanometer  and  thermometer. 

A  simple  bridge  which  can  be  used  to  measure  temperatures  with  resistance  thermometers  to  within 
0'1°  C.  (-001  ohm).  Brass  blocks  are  mounted  on  ebonite  and  the  coils  numbered  10,  20,  40,  80,  160,  320,  and 
640  units  (1  unit  =  0-01  ohm),  the  coils  are  made  of  carefully  aged  manganin,  the  connections  being  hard  soldered. 
The  Bridge  wire  is  platinoid,  300  mm.  long,  and  the  scale  is  of  brass  and  divided  in  millimetres.  The  necessary 
terminals  are  provided  for  connecting  to  the  thermometer,  battery  and  galvanometer. 

£    s.    d. 

640  t.  500 


24.40  c 


Code  Word 
Imblazon 


For  a  teaching  outfit  (Fig.  55)  see  p.  51,  No.  672 1. 


Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  II.    A  useful  bridge  for  standardizing 

thermometers.      It   is  made  in   two  patterns   either  with   separate  brass    blocks  and   plugs  as   in   Fig.    56   or 
with  Collins'  Patent  Mercury  Contacts  (shown  diagrammatically  in  Fig.  54).      The  coils  are  made  of  carefully 

6—2 
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aged  manganin,  the  connections  being  hard  soldered,  and  are  numbered  in  units  (O'Ol  ohm)  10,  20,  40,  80, 
160,  320,  and  640.  The  bridge  wire  is  of  platinum-silver.  A  vernier  is  fitted  to  the  contact  maker  which 
is  also  provided  with  a  simple  form  of  slow  motion  adjustment,  not  shown  in  Fig.  56. 


£     *.    d. 
10    0    0 


$ 

48.80  d 


Code  Word 
Imbody 


641  t.      With  plug  blocks  (Fig.  56)    ... 

642  t.       With  Collins'  Mercury  Contacts       10  10     0         51.20  d        Imbolden 

642  a  t.       Simple  cover  for  the  bridge  extra  15     0          3.70  d        Impotent 


Fig.  56. 
Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  II. 

Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  III.     This  bridge  has  been  designed 

for  general  research  work.  It  is  made  in  two  patterns,  either  with  separate  brass  blocks  or  with  Collins' 
patent  mercury  contacts.  The  coils  are  made  of  carefully  aged  manganin,  the  connections  being  hard  soldered, 
and  are  numbered  in  units  (1  unit  =  0'01  ohm)  5,  10,  20,  40,  80,  160,  320,  640,  and  1280.  The  contact  maker 
is  designed  to  minimize  the  risk  of  injuring  the  bridge  and  galvanometer  wires.  It  cannot  be  shifted  until 
contact  between  the  bridge  and  galvanometer  wires  has  been  broken,  and  is  fitted  with  an  effective  fine 
motion  screw.  The  bridge  and  galvanometer  wires  are  of  platinum-silver  and  are  carried  by  a  mounting 
designed  to  protect  them  from  temperature  effects  caused  by  the  proximity  of  the  observer.  The  scale  is 
silver,  the  vernier  reading  to  0-1  mm.  (0.0001  ohm). 


643  t.      With  plug  blocks 


£     s.     d.  $  Codeword 

35    0    0      170.50  d        Imbosk 


644  t.       With  Collins'  Patent  Mercury  Contacts      ... 

644  a  t.       Simple  cover 

644b  t.       Glass  case  with  sliding  door 


36  10    0      177.80  d        Imbow 

...    extra  100          4.90  d        Imbue 

...    extra          3  10    0        17.10  d        Incanton 


Callendar  and  Griffiths'  Self- Testing  Bridge,  Type  IV.     This  bridge  is  larger  than  those 

previously  described  and  is  designed  for  extremely  accurate  work,  it  is  capable  of  measuring  resistances  from 
400  ohms  downwards  with  an  accuracy  of  0-00001  ohm.  The  coils  are  made  of  carefully  aged  manganin, 
the  connections  being  hard  soldered,  and  are  numbered  in  units  (1  unit  =  0-01  ohm)  from  5  to  20480.°  The 
coils  are  immersed  in  an  oil  bath  fitted  with  stirrer.  Three  sets  of  equal  ratio  coils  5,  50  and  100  ohms  are 
included. 

Heavy  brass  blocks  and  long  plugs  are  usually  supplied  but  Collins'  Patent  Mercury  Contacts  will  be  fitted 
if  desired.  The  bridge  and  galvanometer  wires  are  of  platinum-silver  and  are  carried  by  a  mounting  designed 
to  protect  them  from  temperature  effects  caused  by  the  observer's  hand  on  the  contact  maker,  etc.  The 
scale  is  of  silver.  A  glass  case  with  balanced  door  is  provided. 


645  t.       With  heavy  plug  blocks 


£     s.     d. 
80    0    0 


389.60  c 


Code  Word 
Imbreed 


For  prices  of  suggested  Laboratory  Installations,  see  p.  51. 
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Fig.  57. 
Callendar  and  Griffiths'  Self-Testing  Bridge,  Type  IV, 


£     s.     d. 


Code  Word 


646  t.     Griffiths'  Thermo-Electric  Key  (Fig.  58).   when 

a  platinum  thermometer  is  used  for  accurate  work,  thermo-electric 
effects  sufficient  to  affect  the  accuracy  of  the  observation  constantly 
present  themselves.  If  this  key  be  used,  the  balance  shown  by  the 
galvanometer  is  independent  of  all  such  causes  of  disturbance 


220         10.20  d        Imbricate 


Fig.  58. 
Griffiths'  Thermo-electric  Key. 


Fig.  59. 
Thermo-couple  with  reels  of  wire  in  head. 


ThermO-COUple   for    Laboratory    USe    (Fig.  59).     Protected  by  porcelain  tube  33cm.  long,  14mm. 
in    diameter,   which    can    readily   be    removed;    small    reels    of    spare    wire    are    fitted    in    the    hea. 
thermometer. 
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647  t.       Price  with  1  "metre  (3'  3")  each,  of  platinum  and  platinum- 
iridium  wires         

648  t.       Price  with  1  metre  (3'  3")  each,  of  platinum  and  platinum- 
rhodium  wires 

649  t.     Potentiometer  for  use  with  thermo-electric 

COUpleS  (see  also  p.  53).  This  instrument  (see  Fig.  60)  has  been 
designed  for  accurate  thermo-electric  work.  It  consists  of  a  slide  wire 
with  sliding  galvanometer  contact  and  vernier  reading  to  O'l  mm. 
A  rheostat  for  adjusting  the  current  through  the  slide  wire,  terminals 
and  switch  for  the  Standard  Cell,  Accumulator,  Couple,  etc.  are  pro 
vided.  The  depression  of  one  key  shows  whether  the  fall  of  potential 
between  the  fixed  points  is  balanced  by  the  standard  cell,  a  second 
key  being  depressed  to  test  the  potentiometer  balance,  and  these  two 
operations  may  be  performed  consecutively  without  loss  of  time 


£    ».     d.  $  Codeword 

450        20.70  c        Imbrown 


4  12     6        22.50  c 


Imbrute 


12     0     0         58.50  d        Immailed 


Fig.  60. 
Potentiometer  for  use  with  thermo-electric  couples. 

Standard  Cadmium  Cells.  These  cells  possess  the  great  merit  of  a  practically  negligible  tem 
perature  coefficient  over  the  ranges  of  temperature  usually  found  in  a  Physical  Laboratory.  They  are  especially 
suitable  for  accurate  potentiometer  work  (see  p.  53). 

Acting  upon  the  suggestion  made  in  the  1905  report  of  the  Committee  of  the  British  Association  for 
"Experiments  for  improving  the  Construction  of  Practical  Standards  for  Electrical  Measurements,"  we  are 
constructing  these  cells  of  the  H  form  originally  suggested  by  Lord  Eayleigh.  This  form  of  construction 
prevents  the  mercurous  sulphate  attacking  the  amalgam  and  also  renders  the  cell  more  portable.  The  E.M.F. 
of  the  cadmium  cell  is  about  1'0195  volts  at  18°  C.,  the  mean  Temperature  Coefficient  for  range  18° — 32°  C.  is 
about  —  OO0002  volts  per  rise  in  temperature  of  1°  C.  For  work  where  an  appreciable  current  is  to  be 
taken  from  the  cell,  or  for  low  resistance  circuits,  we  recommend  a  large  bottle  type  of  about  40  ohms 
internal  resistance,  as  designed  by  Prof.  Callendar.  For  further  particulars  about  our  Cadmium  Cells  see 
pamphlet  No.  32,  sent  post  free  on  application. 

We  strongly  advise  that  all  cells  should  be  provided  with  the  National  Physical  Laboratory 
Certificate  of  E.M.F.  and  temperature-coefficient,  and  unless  ordered  to  the  contrary  the  cells  will  be 
supplied  with  a  certificate,  which  is  charged  at  cost  price. 


650  t.       Single    cell,    H    form,    in 


Without  Certificate 
£    s.     d.  $  CodeWord 


With  N.P.L.  Certificate 
£     s.     d.  $  Code  Word 


brass  case 


1  17    6 


9.20  c      Heartless 


276 


11.60         Heather 


651  t.      Double    cell,    H    form,    in 

brass  case  (Fig.  61)  2  17     6 

652  t.       Low     Resistance     cell     in 

brass  case      276        11.60  c     Eelspear 


14.00c      Hearibred         3  12     6         17.70         Heaving 


2  17     6        14.00        Hebetude 


653  t.  Mercury  thermometer  di 
vided  to  0-5  of  a  degree  and  reading  from 
0°  to  30°  C.  for  use  with  the  above  cells 


066 


1.60  c      Hecatomb 


10    6          2.60     Hippocamp 


Ayrton  Mather  D'Arsonval  Reflecting  Galvanometers.     These  instruments  are  exceedingly 

sensitive,  dead-beat,  and  suitable  for  accurate  measurements. 

The  suspended   system   is  enclosed   in   a   dust-tight   case   and   is   readily   removable   in    a   few   seconds   to 
make  room  for  one  of  different  resistance. 
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The  sensibility  of  these  instruments  is  high;   the  following  are  the  data  of  some   galvanometers   recently 
constructed : 


Besistance 
in  ohms 

6-8 

22-5 

146-0 

573-6 


Period 
in  seconds 

7-4 
8-0 
7-8 
4-3 


Deflections  in  mm.  at  1  metre 
per  micro-volt  per  micro-ampere 

19-7  134 

17-1  384 

3-7  540 

1-1  630 


Unless  otherwise  ordered,  the  coil  is  supplied  with  a  resistance  of  about  20  ohrns. 

When  used  in  conjunction  with  a  Fery  Radiation  Pyrometer  these  galvanometers  serve  for  the  finer 
discrimination  of  temperatures  unobtainable  with  the  Meylan-D'Arsonval  galvanometers.  In  the  neighbourhood 
of  900°  C.  a  temperature  difference  of  0'05°  C.  could  be  easily  detected.  At  higher  temperatures  the  sensibility 
is  of  course  greater. 


Fig.  61. 
Two  Cadmium  Cells  in  case. 


Fig.  62. 
Ayrton  Mather  D'Arsonval  Galvanometer. 


654  t.       Galvanometer    with    one    suspended    coil    but    without 
tangent  head  (Fig.  62)  ...         ...         ...         ...         ... 

655  t.       With  tangent  head      

Spare  coils   having   the  following  resistances  are  supplied  in  dust- 
tight  tubes  ready  for  insertion  in  galvanometer: 

656  t.       About  5  ohms  ... 

657  t.       About  150  ohms  ...         

657  a  t.       About  400  ohms       


658  t.  Ayrton  Mather  D'Arsonval  Reflecting  Galva 
nometer.  A  simple  and  effective  form  designed  by  Mr  T.  Mather. 
Coil  resistance  25  ohms.  This  instrument  is  illustrated  in  the  teaching 
outfit,  Fig.  55  


£    s.     d. 

7  10    0 
826 


4  15    0 

4  15    0 
500 


3  15    0 


$ 

Code  Word. 

36.50  d 

Immask 

39.60  d 

Immerge 

23.20  d 

Immew 

23.20  d 

Immit 

24.35  d 

Immix 

18.30 
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Bl"OCa  Galvanometer.  The  distinctive  feature  of  this  form  of  galvanometer  is  in  the  moving 
system.  This  is  of  the  suspended  needle  astatic  type,  and  the  galvanometer  owes  its  sensitiveness  largely  to 
the  exactness  with  which  the  astatic  condition  is  realised.  To 
this  astaticism,  combined  with  the  closeness  of  the  two  magnets, 
is  also  due  the  freedom  of  the  galvanometer  from  disturb 
ance  by  external  magnetic  fields.  The  magnet  system  consists 
of  two  short  wires  placed  vertically  (see  Fig.  63)  and  each  so 
magnetised  that  its  two  ends  are  of  like  polarity,  with  a 
consequent  pole  in  the  middle.  This  form  enables  the  sus 
pended  system  to  be  made  of  excessively  small  resultant 
magnetic  moment  and  exceedingly  light,  and  it  can  thus  be 
suspended  by  a  fine  quartz  fibre  which  gives  a  very  stable 
zero.  The  necessary  directive  force  is  supplied  in  a  small 
degree  by  the  quartz  suspension  but  principally  by  a  small 
directing  magnet  mounted  so  as  to  be  readily  adjustable. 

Coils  of  different  resistances  can  be  supplied  and  thus  one 
instrument  can  be  easily  converted  from  a  low  resistance 
galvanometer,  such  for  example  as  that  suitable  for  work 
with  thermo-j  unctions,  to  a  high  resistance  galvanometer 
suitable  for  insulation  testing.  The  damping  coefficient  can 
also  be  varied  within  wide  limits. 

The  following  are  some  values  that  have  been  obtained 
with  this  galvanometer: 


Eesistance  of  coils  Period  in           Deflection  in  mm.  at  1  metre 

in  series  in  ohms  seconds  For  1  micro-amp.     For  1  micro-volt 

10-9  8                        218                        19-9 

107  12                      1190                        11-1 

935  11                      2450                          2-62 


659  t.       Broca   Galvanometer,   complete,    with   one    pair    of    coils 
(Resistance  about  100  ohms,  unless  otherwise  ordered) 


Fig.  63. 
Broca  Galvanometer. 

£    s.     d.  $  Code  Word 

7  10     0         36.50         Headspring 


660  t.       Extra  Coils  (Resistance  of  the  pair  about  10  ohms),  per  pair  1  10     0  7.30         Headstone 


661  t. 

per  pair 


(Resistance    of    the   pair  about    1000   ohms), 


1  15     0  8.60         Headstrong 


Fig.  64. 
Galvanometer  lamp  and  scale. 


Fig.  65. 
Telescope  and  scale. 
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and  Scale  for  reading  deflections  of  mirror  galvanometers.  Scale  40cm.  long  divided  in 
millimetres  with  looking-glass  figures.  The  scale  can  be  placed  either  horizontally  or  vertically  and  adjusted 
by  means  of  a  foot  screw. 

&    s.     d.  $  Code  Word 

662  t.       Price  complete  with  iron  stand  (see  Fig.  65)       3  17     6         19.00         Haughty 


663  t. 


brass 


Lamp    and    Scale.       An  effective  galvanometer  lamp  and  scale. 

A  Nernst  lamp  is  mounted  in  a  brass  tube  carrying  a  lens. 
Either  the  image  of  the  filament  or  that  of  a  wire  stretched  across  the 
lens  is  projected  from  the  galvanometer  mirror  on  to  the  scale.  The 
scale  may  be  used  either  horizontally  or  vertically.  (Unless  otherwise 
ordered  the  lamp  is  supplied  for  use  on  a  100  volt  circuit.) 

664  t.       Price  of  lamp  and  scale  (see  Fig.  64)  on  brass  stand    ... 

665  t.       Price  of  lamp-tube  and  lamp  alone  on  brass  stand 

[This  is  most  useful  when  it  is  desired  to  fix  the  lamp  away  from 
the  scale,  a  plan  adopted  in  many  laboratories.] 


426        20.10 


Hauteur 


200          9.80  d        Headpiece 
176          6.70  d        Impact 


The  following  accessories  will  be  found   useful  for  standardising 
thermometric  apparatus. 


Fig.  66. 
Ice  vessel. 

666  t.  ICC  Vessel.  A  copper  vessel,  35  cm.  high,  with 
double  walls  for  heat  insulation.  The  thermometer  is  placed  in  ice 
in  the  inner  vessel  for  determining  the  freezing  point.  A  drain  cock 
is  provided. 

Price  (see  Fig.  66)  without  stand 
Tripod  Stand 


667  t.      Hypsometer.     Of  the  well-known  E^nault  form,  46  cm. 

high,  made   in   copper   for  standardising  the   thermometer   in    steam   at 
atmospheric  pressures  (100°  C.  at  760mm.  pressure). 

Price  (see  Fig.  67)  without  gas  ring    ... 
Gas  ring  for  above 


Fig.  67. 
Hypsometer. 


100 
5    0 


1  15    0 
5    0 


4.90  d 
1.30  d 


Etiology 
Immure 


8.60  d        Impale 
1.30  d        Laggard 
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667a£.     Factory  Hypsometer.     Seif-miing. 


£     s. 
3  15 


18.30 


Code  Word 
Inditch 


668  t.  Sulphur  VapOUr  Apparatus.  For  accurate  thermo- 
ruetry  it  is  advisable  to  standardise  the  thermometer  at  a  fairly  high 
temperature,  the  boiling  point  of  sulphur  (444'5°  C.)  having  been  adopted 
by  Messrs  Callendar  and  Griffiths  for  this  purpose  (see  p.  52  and 
"On  the  Determination  of  High  Temperatures  by  means  of  Platinum 
Thermometers,"  Heycock  and  Neville,  Tramactions  of  the  Chemical  Society, 
1895).  The  apparatus  consists  of  a  large  Jena  glass  flask  containing 
the  sulphur,  necessary  asbestos  cones,  iron  plate,  stand,  spare  flask,  etc. 
but  without  gas  burner. 


Price  (see  Fig.  68) 


£    s.    d. 
3  10    0 


17.00  c 
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Fig.  68. 
Sulphur  Vapour  Apparatus. 


669  t.       Fusible    Alloy.       This  consists  of  a  copper-tin    alloy 
having    a   very   definite    and    satisfactory   freezing   point    about   742°  C. 
'A   statement   giving  the    actual  value    of    the    freezing    point   will    be 
supplied.     It  will  be  found  a  useful  standardising  point. 

[To  avoid  oxidization  the  alloy  must  be  melted  in  a  reducing 
atmosphere,  this  can  be  obtained  by  playing  a  jet  of  coal  gas  on  to 
the  surface  of  the  alloy.] 

Price  in  small  crucible  100  mm.  high,  30mm.  in  diam.    ... 

670  t.     Dry  Cells.     E.M.F.  1-55  volts 


67  It.      Accumulators.      H  Q  Type  suitable  for  potentiometer 
work,  Charging  Current  3  Amperes,  Capacity  35  Ampere  hours 


£     s.     d.  $  CodeWord 

10     0          2.50  b        Impaste 

20  .50  d        Hydropic 


15     6          3.80  Efface 
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LABORATORY   SETS. 

The  following   are  suggested  as  being  useful  combinations  of  instruments  for  laboratory  measurements  of 
temperature. 

I. 

672  t.     For    teaching    the     principles    of     resistance    thermometry    especially 
designed    for   school    use. 


Callendar  and  Griffiths'  Bridge,  Type  I.  (see  p.  43),  No.  640  t 
Galvanometer,  Ayrton-Mather  type,  No.  658£... 

Eesistance  thermometer,  glass  tube,  No.  630 1  

6  feet  of  four- way  flexible  leads  with  tangs,  No.  201 1          

[Galvanometer  lamp  and  scale,  dry  cells,  etc.  will  also  be  required.] 

II. 

673  t.     For  teaching   and   also   for  simple  experi 
mental  work. 

Callendar  and   Griffiths'   Bridge,  Type   II.  (see  p.  43),  with  Collins' 

Patent  Mercury  Contacts,  No.  642  £  

Broca  galvanometer,  10  ohm  coils,  No.  659  t 

Galvanometer  lamp  and  scale,  No.  664  it 

Resistance  Thermometer,  porcelain  tube,  platinum  leads,  No.  632  t 

3  yds.  of  four-way  flexible  leads  with  tangs,  No.  201 1 

2  Dry  Cells 


III. 

674  t.     For  accurate  research  work. 

Callendar    and    Griffiths'   Bridge,   Type    III.,   with    Collins'    Patent 

Mercury  Contacts,  No.  644  £ 

Broca  galvanometer,  10  ohm  coils,  No.  659  £ 

Galvanometer  lamp  and  scale,  No.  664 1 

Resistance  Thermometer,  Heycock  and  Neville  type,  porcelain  tube, 

platinum  leads,  No.  633  t       

Griffiths'  Thermo-electric  Key,  No.  646  t  

3  yds.  of  four-way  flexible  leads  with  tangs      

2  Dry  Cells 


675  t.     For    the    potentiometric    measurement 
temperature  with   a  thermo-electric  couple. 

Potentiometer  for  use  with  thermo-couples,  No.  649  £ 

Rheostat  (K  in  Fig.  70)     

Broca  galvanometer  (2*5  ohms)  coils  in  parallel,  No.  659 1    ... 

Galvanometer  lamp  and  scale,  No.  664 1 

Cadmium  Cell,  H  form,  No.  650?,  with  Certificate     ... 

Accumulator,  11  Q  type,  No.  671  t 

Ice  vessel  for  maintaining  the  cold  junction  at  0°  C.,  No.  666  t 

Platinum,  platinum-iridium  thermo-couple,  No.  578 1 


of 


£  s.  d. 
500 
3  15  0 
200 
8  0 


Code  Word 


24.40 

18.30 

9.80 

2.00 


11     3     0         54.50  c        Impeach 


10  10 

0 

51.20 

7  10 

0 

36.50 

2  0 

0 

9.80 

4  10 

0 

22.00 

9 

6 

2.30 

4 

0 

1.00 

25  3 

6 

122.80  d 

—  —  — 

36  10 

0 

177.80 

7  10 

0 

36.50 

2  0 

0 

9.80 

5  0 

0 

24.40 

2  2 

0 

10.20 

9 

6 

2.30 

4 

0 

1.00 

53  15 

6 

262.00  d 

___—  — 

12  0 

—  ^— 

0 

58.50 

1  16 

6 

8.90 

7  10 

0 

36.50 

2  0 

0 

9.80 

2  7 

6 

11.60 

15 

6 

3.80 

1  0 

0 

4.90 

2  10 

0 

12.20 

29  19 

6 

146.20  d 

Impend 


Implant 
7—2 
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APPENDIX. 
Electrical   Resistance  Thermometry. 

In  all  our  resistance  thermometers  the  resistance  of  the  platinum  coil  is  adjusted  so  that  between  0° 
and  100°  C.  the  change  in  resistance  is  a  definite  amount,  usually  1  ohm,  so  that  the  temperature  on  the 
platinum  scale  pt  corresponding  to  a  resistance  Rt  is  given  by  the  formula 


or  in  the  case  in  which  the  change  between  0°  and  100°  has  been  adjusted  to  be  1  ohm, 


In   order  to   reduce   the  temperatures   as    found    on    the    platinum    scale    to    the    standard    air    scale    of 
temperature  the  relation  between  pt  and  the  air-scale  temperature,   T,  must  be  known. 

Professor  Callendar  has  shown*  that  up  to  600°  C.  for  pure  platinum  this^relation  is  given  by  the  equation 


[/  T  \2       T~\ 
(loo)  -loo]' 


the  value  of  8  depending  on  the  chemical  constitution  of  the  wire.  This  value  can  be  determined  from 
observations  at  three  known  temperatures,  the  points  usually  selected  for  this  purpose  being  0°  C.  and  100°  C., 
the  freezing  and  boiling  points  of  water  respectively  and  444'5°  C.  the  boiling  point  of  sulphur. 

More  recent  investigations  at  the  National  Physical  Laboratory  show  that  this  formula  is  strictly  accurate 
up  to  1000°  C.t 

The  value  of  the  factor  8  for  our  wire  may  be  taken  as  1-50  so  that  the  above  equation  may  be  given 
in  the  form 


(2). 


Where  necessary  a  table  is  supplied  showing  the  Air  Scale  temperatures  corresponding  to  every  5  degrees 
on  the  platinum  scale  between  0°  and  1100°  C.  See  also  p.  58.'.;^ 

We  have  lately  introduced  an  improvement  whereby  besides  adjusting  the  "  Fundamental  Interval" — the 
change  of  resistance  between  0°  and  100°  C.— to  a  known  value,  the  measurement  of  the  increase  of  resistance 
is  rendered  independent  of  the  actual  resistance  of  the  thermometer  in  ice.  This  is  achieved  by  the  insertion, 
in  the  opposite  arm  of  the  bridge  of  an  equivalent  resistance  of  manganin  wire  wound  on  a  small  bobbin. 
(This  is  not  supplied  with  thermometers  630 1  to  634;!.)  The  use  with  each  thermometer  of  its  own  so- 
called  "ice  bobbin"  renders  it  possible  to  interchange  any  thermometers  of  the  same  "fundamental  interval" 
without  special  adjustment  of  the  bridge,  indicator  or  recorder. 

The  addition  of  compensating  leads  renders  the  indications  of  these  thermometers  independent  of  the 
depth  of  immersion  or  the  distance  of  the  thermometer  from  the  temperature  measuring  apparatus. 


Ice  Bobbin1 


WWVWWWWWM" 


Fig.  69. 
Fig.  69  is  a  diagrammatic  arrangement  of  the  connections  of  a  bridge  for  use  with  resistance  thermometers. 

*  See  H.  L.  Callendar,  Phil.  Trans.  Roy.  Soc.  A.  1887. 

t  See   High   Temperature   Standards  at   the   National   Physical   Laboratory   by   J.   Harker,   Phil.    Trans.  Roy.  Soc. 
Vol.  203  A,  pp.  343—384. 
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Thermo-Electric   Thermometry. 

The  simplest  way  of  measuring  the  E.M.F.  of  a  thermo-couple  is  by  means  of  a  galvanometer  alone 
(see  p.  24).  In  this  case  the  current  is  measured,  and  if  the  resistance  of  the  circuit  is  constant  the 
current  is  proportional  to  the  E.M.F.  In  the  rnillivoltmeter  or  thread  recorder  the  internal  resistance  is 
kept  high  so  that  variation  in  resistance  of  the  ther mo-junction  due  to  heating  or  to  the  use  of  fairly 
long  leads  does  not  introduce  an  error  of  more  than  1  or  2%.  Where  the  thermo-couple  is  permanently 
installed  the  leads  if  of  high  resistance  can  be  allowed  for  in  the  calibration. 

The  relation  between  temperature  and  the  E.M.F.  produced  by  a  thermo-couple  when  the  cold  junction 
is  kept  at  0°  C.  is  usually  given  in  the  form  of  an  equation  of  the  form 

log  e  =  A  log  t+B, 
where  e  is  the  E.M.F.  of  the  thermo-couple  in  microvolts, 

t  is  the  temperature  of  the  thermo-couple  in  degrees  Centigrade, 
A  and  B  are  constants  depending  011  the  wire  employed. 
For  Copper-constantan  this  equation  is  approximately  loge=ri4logit+l-34, 
for  Platinum,  Platinum-Indium  .,  ,,  „         Ioge  =  ri01og  Z  +  O89, 

and  for  Platinum,  Platinum-Rhodium   ,,  ,,  ,,         log  e  =  1-19  log  f+0'52. 

A  table  giving  the  constants  of  each  thermo-couple  is  supplied. 


Fig.  70. 

For  the   more    accurate    determination    of    temperatures    by   means   of    thermo-couples  the   potentiometer 
method  is  to  be  recommended. 

It  consists  in  balancing  the  E.M.F.  given  by  the  unequally  heated  junctions  against  the  drop  of 
potential  between  two  points  in  a  circuit  produced  by  an  accumulator  or  other  steady  battery,  the  standard 
of  E.M.F.  being  a  cadmium  cell.  This  method  has  the  advantage  of  avoiding  any  error  due  to  the  resistance 
of  the  thermo-junction  itself  or  the  leads  connecting  it  to  the  potentiometer.  The  arrangement  of  the 
apparatus  for  this  method  is  shown  in  Fig.  70.  A  slide  wire  AB  of  known  resistance  per  unit  length  is 
connected  in  series  with  a  suitably  adjusted  resistance  R,  and  rheostat  K;  an  accumulator  Jit1  being  arranged  to 
produce  a  steady  current  through  the  circuit.  One  terminal  of  the  galvanometer  G  is  connected  to  one  end 
of  the  slide  wire  and  the  other  6^  to  a  two-way  switch  S,  one  contact  of  which  is  connected  to  the  standard 
cell,  C,  the  other  to  the  thermo-couple,  T.  The  second  terminal  of  the  cell  is  connected  to  the  other  end  of 
the  adjusted  resistance,  and  the  other  end  of  the  thermo-couple  to  a  slider,  L,  which  can  make  contact  at  any 
point  of  the  slide  wire.  The  current  in  the  circuit  is  then  adjusted  by  means  of  the  rheostat  until  there 
is  a  definite  fall  of  potential,  say  30  millivolts,  along  the  slide  wire  AB,  this  being  verified  by  balancing 
the  E.M.F.  of  the  standard  cell  against  the  fall  of  potential  through  the  resistance  and  bridge  wire,  the 
galvanometer  showing  by  the  absence  of  current  when  this  balance  has  been  obtained.  The  galvanometer 
switch  is  then  moved  to  the  thermo-couple  contact  and  the  slide-wire  contact  shifted  if  necessary  until  a 
balance  has  again  been  obtained,  when  the  E.M.F.  of  the  thermo-couple  is  read  off  on  the  scale.  (For  prices 
of  Potentiometer,  complete  outfit,  etc.  see  pp.  46  &  51.) 
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General  Considerations  concerning  the  Fe>y  Radiation  Pyrometer. 

The  graduation    of   the    galvanometer    scales,    either    Direct    Reading    or    Recording,  is    based    upon    the 

Stefan-  Boltzmann   radiation    law  which    expresses    the    relation    between   the   temperature  of  a   body  and   the 

amount  of  radiant  energy  which   it  emits.     The   law  is   as  follows  :    "  The  radiant  energy  emitted   by  a  black 
body  is  proportional  to  the  fourth  power  of  the  absolute  temperature  of  the  body,"  or 


where  E  is  the  total  energy  radiated  by  the  body  at  absolute  temperature  T  to  surroundings  at  absolute  tem 
perature  Tn,  and  K  is  a  constant  depending  on  the  units  used. 

This  law  has  received  abundant  experimental  support  throughout  the  widest  range  within  which  tempera 
ture-measurements  can  be  made. 

As  indicating  the  precision  to  be  attained  with  the  Fery  Pyrometer,  over  the  range  of  temperatures 
independently  controllable  with  a  thermo-couple-pyrometer,  we  may  quote  some  data  obtained  by  M.  Fery 
and  reproduced  by  Messrs  Waidner  and  Burgess  in  Bulletin  No.  2  of  the  Bureau  of  Standards,  Washington, 
U.S.A.  In  the  investigation  referred  to,  the  Stefan-Boltzmann  Law  was  assumed  to  hold  in  the  form 


where  E  is   the   total   energy   of  radiation,   d  the   galvanometer  deflection,    T  the    absolute   temperature,   and 
C  a  constant. 


d 

Temperature 
from 
thermo-couple 

Temperature 
from 
Stefan's  Law 

A  in  degrees 

Error  in 
percentage 

11-0 

844° 

860° 

+  16° 

1-85 

14-0 

914° 

925° 

+  11° 

•84 

177 

990° 

990° 

0° 

•o 

21-5 

1054° 

1060° 

+   6° 

•60 

26-0 

1120° 

1120° 

0° 

•o 

32-2 

1192° 

1190° 

—    2° 

•17 

38-7 

1260° 

1250° 

-10° 

•80 

45-7 

1328° 

1320° 

-   8° 

•60 

52-5 

1385° 

1380° 

—    5° 

•36 

62-2 

1458° 

1450° 

-    8° 

•50 

If  the  galvanometer  used  with  the  pyrometer  has  a  uniformly  graduated  scale  and  the  temperature  T\ 
corresponding  to  any  one  scale  reading  Rv  is  known,  that  for  any  other  reading  R2  may  be  found  from 
the  relation 

r,-3 

It  is  here  assumed  that  T^  is  negligible  in  comparison  vrith  Tf  or  T24,  T0  being  here  the  absolute 
temperature  of  the  thermo-junction  at  the  focus  of  the  telescope. 

For  very  high  temperatures  a  diaphragm  is  placed  in  front  of  the  receiving  mirror  (see  Fig.  44)  to 
reduce  the  radiation  falling  upon  it.  The  radiation  in  the  two  cases  is  proportional  to  the  areas  of  the 
respective  apertures. 

By  altering  the  aperture  of  the  diaphragm  and  converting  the  galvanometer  readings  by  means  of  the 
formula  given  above,  temperatures  far  beyond  the  scale  on  the  galvanometer  can  be  deduced. 

The  Stefan-Boltzmann  Law  is  strictly  true  only  of  "  perfectly  black "  bodies  ;  bodies,  that  is,  which  absorb 
all  the  radiation  falling  upon  them,  and  are  destitute  of  reflecting  power.  Some  bodies  conform  so  nearly  to 
this  definition  that  no  appreciable  error  is  introduced  by  treating  them  as  perfectly  black,  and  by  taking  their 
true  temperatures  to  be  given  by  the  readings  of  a  Fery  pyrometer,  sighted  and  focussed  upon  them.  Such 
substances  are  coal,  carbon,  and  those  metals  which,  on  being  heated,  become  coated  with  a  black  oxide:  for 
example,  iron  and  copper. 

But  a  far  larger  class  of  effectively  black  bodies  is  furnished  by  enclosed  furnaces,  muffles,  combustion 
chambers  and  the  like.  When  the  interior  of  such  a  furnace  or  chamber  is  at  nearly  the  same  temperature 
throughout,  and  when  the  observation  hole  is  only  of  moderate  dimensions  compared  with  the  distance  behind 
it  of  the  nearest  furnace  wall  or  solid  body,  the  radiation  issuing  through  the  hole  is  independent  of  the 
quality  of  the  radiating  surfaces,  and  is  the  same  as  if  those  surfaces  were  perfectly  black. 
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Flames  interposed  between  the  observation  hole  and  the  solids  behind,  provided  they  are  at  the  same 
temperature  as  the  furnace,  will  not  alter  the  case  in  the  least.  But  even  when  their  temperature  differs  from 
that  of  the  furnace,  such  flames  are  too  transparent  to  absorb  or  emit  any  perceptible  radiation,  so  that  in 
practice  no  error  arises  from  this  cause.  When  the  pyrometer  is  sighted  upon  a  body  which  is  neither  black 
nor  the  effectively  black  interior  of  a  furnace,  the  temperature  directly  read  off  from  the  scale  of  the 
galvanometer  will  be  lower  than  the  true  temperature  of  the  body.  This  uncorrected  reading  is  called  the 
black-body  temperature  of  the  body  observed,  and  the  greater  the  reflecting  power  of  the  body,  the  more  widely 
does  the  black-body  temperature  differ  from  the  true  temperature.  As  an  example  it  may  be  mentioned 
that  if  the  "black-body  temperatures"  of  carbon  and  platinum  are  equal,  their  actual  temperatures  may 
differ  considerably  (180°  C.  or  so,  at  1500°  C.)*. 

The  question  arises:  How  are  black-body  temperatures  to  be  dealt  with  in  practice?  If  a  knowledge  of 
true  temperatures  is  essential,  it  will  be  necessary  to  apply  corrections,  based  on  independent  investigation  ; 
the  data  being  in  some  cases  already  available.  On  the  other  hand,  for  any  given  substance  with  its  surface 
in  a  specified  condition,  the  black-body  temperature  serves  just  as  certainly  and  definitely  as  the  true  temperature 
to  define  the  thermal  state.  It  is  precisely  this  certainty  and  definiteness  which  is  of  paramount  importance  in 
industrial  operations,  and  in  a  very  large  number  of  cases  black-body  temperatures  will  be  found  the  most 
convenient  for  specifying  the  thermal  conditions  under  which  a  process  is  to  be  carried  out. 

The  Temperature  Readings,  within  limits,  are  independent  of  distance.  This  is  a  point  which  may 
need  further  explanation.  If  it  is  supposed  that  the  pyrometer  is  sighted  upon  a  hot  body  of  limited 
dimensions,  the  total  amount  of  radiation  reaching  the  aperture  of  the  mirror  will  vary  with  the  distance 
from  the  hot  body,  and  will  be  inversely  proportional  to  the  square  of  the  distance.  If,  then,  the  receptive 
surface  of  the  thermo-junction  were  sufficiently  extended  to  receive  the  whole  of  the  radiation  which  is 
converged  to  a  focus  by  the  mirror,  it  might  be  expected  that  the  indications  of  the  galvanometer  would 
fall  off  as  the  distance  was  increased.  The  thermo-junction,  however,  is  not  large  enough  to  receive  the 
whole  of  the  radiation  which  converges  towards  it.  The  real  image  of  the  source,  formed  by  the  mirror, 
overlaps  the  thermo-junction  on  all  sides  (Fig.  71  a),  so  that 
when  the  source  is  approached  more  nearly,  thus  increasing 
the  size  of  the  image  produced,  the  only  effect  is  to  increase 
the  amount  of  overlapping,  while  the  thermo-junction  re 
ceives  no  more  radiation  than  before  (Fig.  71  b}.  On  the 
other  hand,  if  the  pyrometer  is  withdrawn  to  so  great  a 
distance  that  the  image  formed  is  too  small  to  cover  the  Q 

thermo-junction  completely  (Fig.  71  c),  the  readings  obtained 
will  be  too  low,  and  will  become  lower  and  lower  as  the 
pyrometer  is  withdrawn  further  and  further  from  the  source  of  heat. 

From  the  above  it  will  also  be  readily  understood  that  when  working  at  any  given  distance  from  a 
hot  body,  it  is  necessary  for  the  body  in  question  to  be  of  sufficient  size,  otherwise  the  image  of  the  body 
would  be  too  small  to  overlap  the  thermo-junction  on  all  sides.  But  provided  the  hot  body  is  large  enough 
to  secure  the  necessary  overlapping,  no  further  increase  in  its  dimensions  will  add  to  the  amount  of  radiation 
actually  received  by  the  thermo-junction.  The  diameter  of  the  hot  body  (or  furnace  aperture)  should 
measure  as  many  inches  as  the  distance  from  hot  body  to  pyrometer  measures  yards,  or,  in  other 
words,  the  aperture  should  measure  in  diameter  about  one-fortieth  of  the  distance  the  pyrometer  is  away 
from  the  hot  body. 

*  Transparency  of  the  observed  body  would  further  tend  to  increase  the  discrepancy,  but  in  any  practical  case 
the  thickness  of  the  body  in  the  line  of  sight  would  be  sufficient  to  ensure  opacity,  so  that  the  error  thus  arising 
would  not  be  perceptible. 
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TABLE   OF   RELIABLE   MELTING   AND   BOILING   POINTS 

Kindly  given  us  by  Dr  J.  A.  Harker  of  the  National  Physical  Laboratory. 

Centigrade  Fahrenheit 

Liquid  Hydrogen  -253  —423 

Liquid  Oxygen  — 182  -  295 

Freezing  Mercury  —   39  -   38 

Melting  Ice  0  32 

Boiling  point  of  Water  at  760  mm.  pressure                    100  212 

„             „       Aniline              „  „                           184  363 

„             „       Napthaline       „  „                           220  428 

„             „       Diphenylarnine  „                           302  575 

„             „        Sulphur             „  „                             445  833 

Melting  point  of  Tin  232  449 

„             „         Lead  327  620 

„             „         Zinc  419  786 

„             „         Antimony  632  1169 

,,             „         Aluminium  657  1214 

„             „         NaCl  800  1472 

„            „         Silver  (in  air)  955  1751 

„             „             ,,       (in  reducing  atmosphere)  962  1763 

„             „         Gold  1064  1947 

„             „         Copper  (in  air)  1062  1943 

„             „         K2S04  1070  1958 

„             „         Copper  (in  reducing  atmosphere)        1084  1983 

„             „         Nickel  1427  2600 

„            „         Pure  iron  1503  2737 

„            „         Platinum  1710  3110 
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COMPARISON    OF   THERMOMETRIC   SCALES. 

Centigrade  and  Fahrenheit. 
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F. 

C. 

F. 
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F. 
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F. 

C. 

F. 

C. 
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64-4 

52 

125-6 

86 
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66-2 
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87 
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6-8 

20 

68-0 

54 

129-2 

88 

190-4 
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410 

520 
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-13 

8-6 

21 

69-8 

55 

131-0 

89 

192-2 
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419 
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1004 
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10-4 

22 

71-6 

56 

132-8 

90 

194-0 
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428 

:><;o   1040 

-11 
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23 

73-4 

57 

134-6 

91 

195-8 
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24 

75-2 

58 
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92 
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_  9 

15-8 
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93 
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96 
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29 

84-2 

63 
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206-6 
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30 
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64 
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98 
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31 
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65 
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99 
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32 

89-6 

66 
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33 

91-4 

67 

152-6 
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221-0 
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0 
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34 

93-2 

68 

154-4 
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230-0 
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1 

33-8 

35 

95-0 

69 

156-2 

115    239-0 
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2 

35-6 

36 

96-8 

70 

158-0 
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248-0 
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554 

1300 

2372 

3 

37-4 

37 

98-6 

71 

159-8 

125 

257-0 

295 

563 
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2552 

4 

39-2 

38 

100-4 

72 

161-6 

130 

266-0 

300 

572 

1500    2732 

5 

41-0 

39 

102-2 

73 

163-4 

135 

275-0 

310 

590 

1600 

2912 

6 

42-8 

40 

104-0 

74 

165-2 

140 

284-0 

320 

608 

1700 

3092 

7 

44-6 

41 

105-8 

75 

167-0 

145 

293-0 

330 

626 

1800 

3272 

8 

46-4 

42 

107-6 

76 

168-8 

150 

302-0 

340 

644 

1900 

3452 

9 

48-2 

43 

109-4 

77 

170-6 

155 

311-0 

350 

662 

2000 

3632 

10 

50-0 

44 

111-2 

78 

172-4 

160 

320-0 

360 

680 

11 

51-8 

45 

113-0 

79 

174-2 

165    329-0 

370 

698 

12 

53-6 

46 

114-8 

80 

176-0 

170    338-0 

380 

716 

13 

55-4 

47 

116-6 

81 

177-8 

175    347-0 

390     734 
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TABLE   FOR   THE   REDUCTION    OF   TEMPERATURES   ON   THE   PLATINUM 
SCALE   TO   AIR   SCALE   TEMPERATURES. 

a =1-50. 

CENTIGRADE   SCALE. 


Platinum 
Tempera 
tures 

Air  Scale 
Tempera 
tures 

Platinum 
Tempera 
tures 

Air  Scale 
Tempera 
tures 

Platinum 
Tempera 
tures 

Air  Scale 
Tempera 
tures     \ 

Platinum 
Tempera 
tures 

Air  Scale 
Tempera 
tures 

Platinum  Air  Scale 
Tempera-  Tempera 
tures          tures 

Platinum  Air  Scale 
Tempera-  Tempera 
tures          tures 

0 

0 

185 

187-4 

370 

386-6 

555 

600-0 

740           831-2 

925 

1085-4 

5 

4-9 

190 

192-7 

375 

392-2 

560 

606-0 

745           837-7    ; 

930 

1092-7 

10 

9-9  . 
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197-9 

380 

397-6 
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612-0 
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844-3 
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15 

14-8 
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203-1 
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403-3 
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618-0 
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850-8 

940 

1107-3 

20 

19-8 
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208-4 
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408-9 
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624-0 
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857-4 
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1114-6 

25 

24-7 

210 

213-6 

395 

414-5 
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630-1 

765 

864-0 

950 

1122-0 

30 

29-7 
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218-9 
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636-1 
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35 

34-7 
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40 

39-6 
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410 
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44-6 
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415 

437-1 

600 

654-4 

785 

890-6 
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55 
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60 
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65 
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459-8 
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805 

917-4 
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70 

69-7 
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465-5 

625 

685-1 
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924-3    : 
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75 

74-7 
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80 
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85 
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482-7 
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90 
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95 
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655 
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840 
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295 
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754-0 

865 
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760-3 
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690 
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325 
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910      ;  1063-8 
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381-1 
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and    Li< 


Calorimeter  works  on  the  well-known  Thomson  principle,  a  sample  of 
tion  pellet  soaked  with  the  oil  under  test,  being  burned  in  a  closed  vessel 
The  novel  design  and  arrangement  of  the  Calorimeter  vessel  and  the  corn- 
ion  chamber  render  this  operation  easy,  rapid,  and  certain;  the  design  also  secures  that 
the  heat  generated  by  the  combustion  shall  be  directly  communicated  to  the  water  of 
calorimeter. 


secured,    less   than    £70    of  tne   sample 
lated  no  carbon  monoxide  is  formed, 
thus  avoiding  the  risk 


.e   in   litt 
:t  ten  mi  mites. 
pressure,   and 


advantages  of  this  Calori 
Accuracy. 

ag   combustio: 
When   burning  oils  the 
of  some  of  the  oil  rem 

Quickness. 

half-an-hour.     T 

Safety. 

breakage  is  sma 

Small  COSt  Of  experiment.  A  comparatively  small  quantity  of  oxygen  is  required, 
and  the  only  breakable  part  is  a  glass  chimney,  which  can  be  replaced  by  an  incandescent 
gas-light  chimney  for  a  few  pence. 

Ease  Of  Observation.  As  the  sample  burns  under  observation  its  behaviour  as  regards 
caking  and  clinkering  can  be  studied. 

No  Stirring  required.     The  water  is  agitated  by  the  gas  bubbling  through  it. 


the   risk   of 


Calorimeter  A 
Calorimeter  B 
Coal-compressi 
Glass  measure  to 
Thermometer  divid 


•valve  and  brass  vessel 
with  glass  vessel 


Thermometer  0°  —  5 
4  yards  stout  indiarubber  t 
4  porcelain  crucible  lids 
i  litre  wash-bottle     ... 

Calorimeter,  A,  with  simple 
plete  with  accessories 

Calorimeter,  B,  with  simple 
plete  with  accessories 

Tube  of  standardized  Coal  Briquettes 
Tube  of  standardized  ^  >n  Pellets 


divided  10  c.c.          B9 
reading   from  10C 

OTC 


HBffiHi     * 

7  10  0  c  36.50 

5    0  Qd  24.40 

12  6  d  3.10 

5  0  1.30 

1    0  Oc  4.90 

5  Oc  1.30 

8  0  2.00 

1  0  .24 


Blossomed 


List  No. 


.escribing  the  de 

sent  on  application. 


Calorimeter  will  be 


